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Climical Parers 



Gastric Ulcer 

By C, F. HOOVER, M. D., Cleveland. 

Rational treatment of gastric ulcer must be based on a care- 
ful consideration of the pathogenesis of the ulcer and the attend- 
ing alterations of motor and secretory functions of the stomach. 

To imply from this prefatory remark that the pathogenesis of 
peptic ulcer is understood, would surpass our present knowledge 
of the subject, but we can determine clinically whether we are 
dealing with a peptic, perforating ulcer or with an ulcer of some 
other origin. The synonyms employed in most of our textbooks 
supply the attributes which serve to differentiate this ulcer from 
all others, viz., simple, round, peptic, perforating. The ulcer 
occurs singly as a rule. It is accompanied by an exalted secretory 
function of the glandular mucosa and is therefore a peptic, or 
chloropeptic ulcer ; and it is a perforatmg ulcer because it is very 
refractory to the healing process. 

Both clinical and experimental knowledge confirm this differ- 
entiation of the peptic ulcer from ulcers of other origin. Clair- 
mont's' series of experiments serve to show the readiness with 
which the gastric mucosa will heal provided the injury occurs in 
a stomach which has a normal musculature and normal mucosa. 
Clairmont produced ulcers in the stomachs of dogs by dissecting 
off one cm. square of the mucous membrane, then burning the 
base of the ulcer with acid and finally ligating the arteries and 
veins in the vicinity of the ulcer. In spite of this severe treatment 
the ulcers healed in about three weeks and in most instances the 
site of the ulcer showed no histological differences from other 
portions of the gastric mucosa. So complete was the reproduc- 
tion of the glandular mucosa that microscopically the site of the 
former ulcer could not be determined. The same result followed 
in another series of experiments in which gastro-enterostomy was 
performed at the same time the ulcer was produced. Clairmont 
makes the following deductions: 1. That to the present time no 
one has been able to produce a genuine ulcer, i. e. loss of mucosa 
without tendency to heal, as all these cases tended to heal. 2. 
In the cardiac portion these artefacts heal more promptly than in 
the pyloric region. In the cardia, healing occurs within three 
weeks, whereas in the pylorus healing requires about six or seven 
weeks. 3. That healing is unmodified by gastro-enterostomy, 
early or late, and the statement that gastro-enterostomy trans- 
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forms an ulcer to the status of an open wound, i. e. changes an 
unhealing loss of substance to a healing loss of substance is re- 
futed. 

Clinically we find that gastric ulcers of traumatic origin heal 
very promptly without any of the pain and alterations in the 
motor or secretory functions of the stomach. It is very doubtful 
if trauma alone will account for any round ulcer of the stomach. 
When gastric ulcer persists for a long time after an injury, it is 
presumed that the injury must be accompanied by hyperchlorhy- 
dria. When the ulcer is not tuberculous or syphilitic or of the 
peptic variety we know from an abundant clinical experience, that 
recovery is prompt without the aid of any treatment, even when 
a liberal diet is resumed before an erosion could possibly heal. 
By this statement I do not wish to be understood as advocating 
an unrestricted diet in such cases ; but as soon as the bleeding 
ceases the patient can be given vegetable pure, scraped meat, eggs 
and milk. If this diet is tolerated without any distress and the 
injury has occurred in a stomach previously healthy, a liberal diet 
can be safely given at the end of a week. Erosions of the gastric 
mucosa are sometimes traceable to circulatory disease, but in 
such cases healing takes place very promptly as in traumatic cases. 
When dyspepsia, pain and hemorrhage occur in elderly persons 
with arteriosclerosis we must not assume that the dyspepsia and 
pain result from the erosion which has caused the bleeding. The 
erosion in such cases is merely a pathological symptom due to the 
vascular disease. The pain, stasis of chyme, and vomiting are 
caused by the altered blood circulation in the stomach, and are 
not caused by erosion. These cases of sclerosis of the gastric 
arterial supply often lead to a false diagnosis of ulcer or car- 
cinoma, on account of bleeding which attends the symptoms of 
secretory and motor defects. The pain may be intense, but it is 
not caused by the accompanying erosion but by the spasm of the 
gastric wall, the pylorus and cardia, a clinical symptom to which 
the term intermittent claudication has been applied, on account 
of its analogy with the symptoms which occur in the extermities 
of patients suffering from arterial disease. Such a patient suf- 
fering from bleeding, pain and vomiting would require treatment 
directed toward relief of the splanchnic circulation. The erosion 
can be disregarded as a serious factor. 

I dare say that many of us can recall instances of elderly pa- 
tients in whom the symptoms of dyspepsia and hemorrhage sug- 
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gested a diagnosis of carcinoma or ulcer and the patients lived 
long enough afterward to disprove the diagnosis. 

Hematemesis occurs rarely in acute infectious disease such as 
typhoid and pneumonia. When such erosions, due to bacterial 
grovi^ths in the mucosa, as has been shown by Diculafoy^ do occur, 
the patients do not suffer from the gastric erosions ; the stomach 
distress is caused by the general infection. I have had only one 
such experiance with a typhoid patient. The patient recovered 
from the typhoid after an illness of six weeks. Profuse hema- 
temesis occurred in the beginning of the second week of the dis- 
ease but there were no more gastric symptoms than one ordinarily 
sees in the course of typhoid fever. The feeding of the patient 
was not interrupted. 

I had a similar experience with an elderly woman during an 
attack of lobar pneumonia which proved fatal on the tenth day of 
the disease. Severe hematemesis occurred on the fifth day of the 
pneumonia, but there were no symptoms which could be. ascribed 
to an erosion of the stomach mucosa and the diet was not modified 
on account of the hemorrhage. Exactly the same experience, with 
lack of other symptoms than hemorrhage, occurs after abdominal 
operations. 

Although I do not wish to lay down any rules for the treat- 
ment of hematemesis, I think our clinical experience shows that 
when vomiting of blood is the only symptom which can be as- 
cribed to an erosion of the gastric mucosa in traumata, infections 
and diseases of the vascular supply of the stomach, we can with 
safety disregard the erosion so far as any direct treatment of 
the stomach ulcer is concerned. Under such circumstances it is 
not the erosion which requires treatment, but the basic disease 
which caused the erosion should enlist our therapeutic efforts. 

Ulcerations of the stomach, which demand treatment as 
ulcers, can be divided into three groups. I am compelled to make 
this classification from my own clinical experience and, so far as 
I am able to learn from the literature on the subject, it seems 
very probable that this classification may form a good working- 
basis for the care of chronic disease of the stomach associated 
with ulceration. These three groups are: first, syphilis; second, 
chronic peptic ulcer in patients who show no signs of congenital 
asthenia ; and third, chronic peptic ulcer occuring in patients with 
congenital asthenia. 
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Syphilis must not be forgotten in any case of gastric ulcer. 
When there is any history or objective sign which suggests the 
possibility of syphilis, potassium iodid and mercury should both 
be employed. A very striking fact in sj^philis of the stomach is 
the tolerance for only small doses of the iodid of potash. This 
was clearly illustrated in one patient who came under my obser- 
vation six years ago. This man had syphilis 18 years prior to the 
time of his stomach symptoms. The stomach was greatly dilated, 
the lower border reaching to within two inches of the symphysis 
pubis. There was retention of chyme and poracous vomiting. 
The patient was greatly emaciated. With only three grains of 
potassium iodid thrice daily, the lower border of the stomach 
gradually rose to the level of the umbilicus. Within six months 
the stomach regained its normal dimensions and the patient was 
able to eat a liberal mixed diet without any distress. During the 
entire period of the treatment, which lasted several months, this 
patient was unable to take more than five grains of potassium 
iodid three times a day. This patient had, I believe, a gumma at 
the pylorus, but in another case of syphilitic ulcer of the pylorus 
attended with severe pain, hemorrhage and retention of chyme, 
with normal gastric acidity, I had the same experience. Only 
small doses of potassium iodid were tolerated but the results were 
very satisfactory. The pain, bleeding and stasis of chyme were 
all relieved. I have had experience with five cases of syphilis of 
the stomach and in every case the amount of potassium iodid 
tolerated was very small. The results of treatment were very sat- 
isfactory in four of the patients in spite of the small doses of the 
iodid. In only two of the five patients was mercury used during 
the period of improvement, so it seems reasonable to assume that 
in syphilis of the stomach small doses of potassium iodid are suc- 
cessful. I mention this fact because one might be discouraged 
in the treatment of a case of suspected syphilitic ulcer of the 
stomach if the patient showed an intolerance of potassium iodid 
in moderate doses. If in the case of severe pyloric obstruction 
above mentioned the patient had been given his potassium iodid 
in the usual way of increasing the dose by one drop daily, the in- 
tolerance of the iodid would have manifested itself very early in 
the treatment and the idea of the lesion being syphilitic would 
have been abandoned. The possibility of an ulcer being syphilitic 
should always be very carefully eliminated before the usual treat- 
ment for peptic ulcer is employed. This is particularly true in 
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married women, because they rarely give a history of syphihs 
If the infection has been imparted by a conception there may be 
nothing but the therapeutic test to shew the character of the ulcer. 
This can be accomplished with such small doses of potassium 
iodid, and within so short a time, that there can never be any 
good excuse for neglecting the possibility of syphilis. The im- 
portance of this measure has been strongly impressed on me by my 
own experience and by the unfortunate experience of a surgical 
colleague who performed a pylorectomy with a fatal result ; in this 
case the histological examination revealed the syphilitic character 
of the disease. The operation could have been avoided and the 
patient's life saved had the possibility of syphilis been seriously 
considered. 

Given a case of chronic or acute peptic ulcer, what shall be 
the method of procedure in our therapy? I think we can best 
arrive at our goal by considering the several symptoms of ulcer. 

Hemorrhage is rarely fatal in gastric ulcer. I have never 
seen a fatal hemorrhage from a simple round ulcer of the stomach. 
The only fatal case of hematemesis from ulcer which I have seen 
occurred very early in my experience as a hospital physician and 
this case proved at autopsy to be one of multiple ulcers situated 
in the fundus and pylorus ; the pathologist made a diagnosis of 
multiple syphilitic ulcer. Gelatin, in tablespoonful doses, of a 5% 
sterile solution, every two hours, is recommended and I have used 
it. How much service it renders seems doubtful. The bleeding 
is not due to a lack of fibrin-ferment in the blood. If hemorrhage 
persistently recurs it must be due to the destructive progress of 
the ulcer. How the styptic property of gelatin can prevent bleed- 
ing from a progressing ulcer seems difficult to understand. 

Adrenalin is a rational drug to employ. If its styptic 
property is applied to the ulcer it will certainly be of more service 
than gelatin and it has the additional property of diminishing 
the secretion of gastric juice. Another very serviceable feature 
of adrenalin is the property it has of lessening the muscular 
activity of the stomach and esophagus. 

So far as physiological experiments go, adrenalin should be 
the most efficient remedy we can employ. Inhibition of the mus- 
cular and glandular activity of the stomach and contraction of 
the arterioles certainly offer all that could be wished for in the 
treatment of a bleeding gastric ulcer. The dosage is one-half to 
one oz. drachm of a 1 :1000 solution in 2 oz. of water. The use of 
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ice pills certainly has none of these properties. The muscular 
activity and glandular secretion persist in a fasting stomach and 
thus offer very serious obstacles to procuring the quiet which is 
desirable for a bleeding ulcer. 

Should the bleeding be severe an ice bag on the stomach is 
commonly applied. Why this should be done is not perfectly clear. 
The application of cold over the epigastrium is one of the means 
we employ to excite gastric peristalsis, as a means of determining 
the size of the stomach in making a clinical examination. If a 
stomach is dilated or prolapsed and we wish to accurately define 
its outline we pour ether over the epigastrium or stroke the 
region with a cloth wet in ice water. I know of no evidence that 
the application of cold will allay gastric peristalsis and there is an 
abundance of daily clinical experience which shows that cold 
applied to the epigastrium has decidedly the opposite effect. If 
the patient is very much agitated a hypodermic injection of mor- 
phin may be employed, but it is advisable to learn about the 
patient's tolerance of morphin before using it. In many persons 
the sedative effects of morphin are followed by nausea and vomit- 
ing of a large amount of thin green liquid. This is of course 
undesirable, but if there is a history of the drug being well tol- 
erated it will render good service by producing rest for the patient. 

When the bleeding is severe all solids and liquids should be 
withheld, and water given by enemata to allay thirst. 

Pain : What can be done for the alleviation of pain ? The 
only drug I have employed for local anesthesia is orthoform given 
in seven grain doses, three or four times daily when the stomach 
is empty. Orthoform can be of service only when the point of 
irritation which causes pain is accessible from the inner surface 
of the stomach. The pain which originates from perigastritis, 
perigastric adhesions and spasm of the stomach wall are, of course, 
unaffected by orthoform. 

When a protective coating to the surface of the ulcer is de- 
sired for the alleviation of pain, bismuth subnitrate or bismuth car- 
bonate, in amounts of 30 to 60 grs. suspended in a sufficient 
amount of water to make a fairly thick mixture, can be given. The 
patient is directed to occupy either the prone or dorsal position 
so that the bismuth will be applied to the surface of the ulcer. 
There is a disadvantage in employing bismuth preparations on 
account of the dark color it gives the stool, which may thus cause 
some difficulty in recognizing the presence of blood. A cheaper 
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preparation, and one which does not color the stool, is equal parts 
of prepared chalk and talcum, one half to a full teaspoonful is 
given in about three ounces of water before taking food; when 
the pain is intense opiates are, of course, administered. Hot appli- 
cations in the form of turpentine stupes serve to arrest the pain, 
to keep the patient quiet in one position and probably to retard 
the muscular activity of the stomach, according to Penzoldt/ 

Fleischer'' found in healthy persons that the application of 
heat also shortened the requisite period for emptying the stomach. 
If heat allays muscular spasm and facilitates the emptying of the 
stomach, then there are good reasons for preferring heat to cold 
as an external application. 

The retention of chyme, hyperchlorhydria and gastrosuc- 
chorrhea may be the chief source of pain in gastric ulcer. Indeed 
this may be the case when there is a bleeding ulcer and yet the 
ulcer may not be directly the source of any discomfort. If the 
precaution is taken to relieve these disturbances in the motor 
and secretory functions of the stomach, a patient can be made 
quite comfortable, provided there is no perigastritis. When the 
ulcer is in a progressive phase (and consequently causing repeated 
hemorrhages), the stasis of chyme and gastrosuccorrhea are likely 
to be most pronounced. On account of the bleeding and danger 
from perforation, great caution is advised in the use of the 
stomach tube. I cannot understand why there should be such 
danger from the tube under these conditions. Stasis of chyme and 
gastrosuccorrhea are the only indications for employing a stomach 
trosuccorrhea are the only indications for employing a stomach 
tube in gastric ulcer, and the muscular spasm caused by these two 
complications is more likely to cause a perforation than the mod- 
erate struggle which accompanies the passage of a tube. 

So far as my own experience goes in this matter, I feel quite 
certain that in several patients with much pain and repeated 
hemorrhages, the greatest service rendered them consisted in daily 
lavage of the stomach. Every evening at 9 o'clock from one to 
two pints of highly acid stomach-contents were removed so the 
patients were insured a good night's rest. Without lavage the 
patients had sleepless nights and much pain. 

The treatment of hyperchlorhydria and gastrosuccorrhea is 
rather disappointing when the ulcer is in an active state. Alkalies 
before and after meals and belladonna in large doses do not 
suffice to arrest the symptoms, although in the latent periods the 
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usual treatment of hyperchlorhydria is much more efficient. 

The relation between gastric ulcer and hyperchlorhydria with 
stasis of chyme is not at all clear. We think of gastric ulcer being 
the result of two factors, viz., a regional lowering of the cellu- 
lar resistance, due possibly to a local infection, and hyperchlorhy- 
dria. 

A problem lacking solution at the present time is the interde- 
pendence of hyperchlorhydria, gastric ulcer and stasis of chyme. 
The causal relation among these three factors has great import- 
ance both from the standpoint of pathogenesis and therapy. 

If stasis of chyme is responsible for hyperchlorhydria and 
gastrosuccorrhea, then an operative procedure which cures reten- 
tion of chyme would be a very simple method of arresting a factor 
which causes most of the trouble the patient suffers, and at the 
same time a complication would be disposed of which perpetuates 
the ulcer. An experience in Pawlof's laboratory has a great deal 
of significance in this relation. 

One of the dogs (in which a smaller stomach from the fundus 
was made), developed an ulcer in the smaller stomach. After 
the ulcer was formed gastric juice was secreted in three times the 
amount which was secreted prior to the ulcer formation. In this 
case spasm of the pylorus, and the presence of food can be elimi- 
nated. The only remaining cause which could be responsible for 
gastrosuccorrhea was the presence of the ulcer. 

It looks as though an ulcer excites the receptors of certain 
afferent nerve paths which are responsible for a reflex excitation 
of the peptic glands. Gastrosuccorrhea and high acidity will 
account of the refusal of the pylorus to allow the passage of 
chyme into the duodenum. 

Admitting this to be the sequence in which these factors orig- 
inate, we must be reserved in accepting gastro-enterostomy as a 
clear solution of the whole problem. That gastro-enterostomy 
does give great relief I readily admit. When retention of chyme 
is associated with a high degree of acidity, gastro-enterostomy 
may be followed by complete relief of the stomach symptoms but 
what followed in two cases in my own experience was a perforat- 
ing ulcer in the jejunum at the site of operation. Two such ex- 
periences have led me to believe that high acidity and an excess 
of gastric juice in cases of ulcer are the very conditions which 
demand conservative treatment. I would more readily advise 
an operation when the acidity is moderate than when it is high. 
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The third class of cases to which I referred constitute a fair 
percentage of ulcer cases, and offer great difficulties in differential 
diagnosis. I mean the patients whom Stiller calls congenital as- 
thenics. These patients are characterized by a floating tenth rib, 
gastric atony and varying degrees of acidity of chyme. They also 
give a long history of acid dyspepsia. In such cases the gastric 
ulcer is merely an incident in the pathological history of the 
patient and one must not be led into the error of estimating the 
gastric atony and gastrectasis as the result of an ulcer. The 
atony and gastrectasis persist in such patients after the ulcer is 
healed. So does the stasis of chyme persist after healing of the 
ulcer. 

Although I have not seen any such patients operated upon for 
ulcer, I have seen three operated upon for retention of chyme. 
In two of the patients the operation gave no relief and in the 
third the result was very doubtful. Why gastro-enterostomy gives 
none of the expected relief, I am unable to explain, but the fact 
was amply proved in two of these patients by the use of the 
stomach tube, before and after operation. When ulcer does occur 
in such a patient, great care should be exercised in relieving stasis 
by the stomach pump and also in treating the hyperchlorhydria 
by diet and drugs. After these measures have been carefully em- 
ployed without relief, an operation may be undertaken. The mis- 
leading factors in these cases are the atony, gastrectasis and hyper- 
chlorhydria. They may all occur without ulcer and will persist 
after an ulcer is healed. 

The mere fact that a patient has a gastric ulcer with hyper- 
acidity and stasis of chyme are not sufficient to justify an opera- 
tive procedure. The history of the patient must be carefully con- 
sidered. If the patient has the stigmata of congenital asthenia and 
gives a history of dyspepsia existing long before the signs of ulcer 
developed, then we have not the same expectation of relief from 
gastro-enterostomy which can be reasonably had in a patient who 
is free from the stigmata of congenital asthenia and in whom 
the history indicates that the gastric ulcer and digestive disturb- 
ances began at about the same period. 

In cases in which ulcer is accompanied by pain, vomiting 
and stasis of chyme with active peristalsis, few physicians will 
hesitate to advise an operative procedure, but great care must be 
taken not to interpret the stasis and hyperacidity and gastrectasis 
of a congenital asthenic, as being caused by a pyloric ulcer only. 
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If the pyloric ulcer is not the cause of this train of symptoms, 
but is merely incidental in the patient's pathological history, then 
gastro-enterostomy will not afford the relief we may otherwise 
expect. 

During the past few years several celebrated surgeons have 
sought to invert the old numerical proportion of gastric ulcer to 
duodenal ulcer, viz., of ten to one. This old proportion has been 
established by careful observations in enormous numbers of au- 
topsies and clinical experiences, and the pathological and clinical 
experiences have been consistent. For the peptic ulcer of the stom- 
ach and duodenum are sufficiently chronic to leave some traces of 
their site when healing finally occurs. 

The duodenal ulcers, which these surgeons claim to find so 
frequently, are chloropeptic ulcers as well as the gastric ulcers. 
We must exercise great caution in adopting these revolutionary 
conclusions. Their experiences have not contributed anything new 
to the clinical differentiation between gastric and duodenal ulcer. 
The interim of comfort after taking food in duodenal ulcer (a 
point which is so strongly emphasized), was known long before 
this inversion of the proportion was attempted. The only evidence 
on which this new proportion is based is obtained by inspection of 
the peritoneal surface of the duodenum. Now if all these duodenal 
ulcers have gone so far as to show clear evidences of their posi- 
tion by invasion of the peritoneum they certainly would leave 
some traces after healing, and both old and recent pathological 
studies clearly contradict the new proportion these gentlemen 
propose. 

I have had no opportunities to inspect the duodenum of the 
living when ulcer was present, but I have had some experience in 
trying to locate the site of ulcers in the intestine during post- 
mortem examinations on typhoid fever subjects and I know one 
is often misled in locating an ulcer where none exist, and the 
observer will often fail to locate an ulcer which is present. Before 
this new proportion can be adopted we must require much more 
evidence than has thus far been offered. 
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Intestinal Hemorrhage in Typhoid Fever. 

By JOHN H. LOWMAN. 

Prof, of Medicine Western Reserve' University, Visiting Physician t« 
Lakeside Hospital, Cleveland. 

The first illuminating .evidence of typhoid fever, is sometimes 
an intestinal hemorrhage. 

A cook, pursuing her usual avocation, suddenly has a bloody 
stool; a laundress has, while at her work, an extensive hemor- 
rhage from the bowels. In both instances the illness continues as 
typhoid fever. In. the last autumnal revival of enteric fever I ob- 
served three cases of hemorrhage in which the dominant symp- 
toms were those of influenza; sudden onset, chills, general 
myalgic pains, bronchitis and pulmonary congestion. The hem- 
orrhage came as a sudden pronouncement, for typhoid fever was 
not known to exist. In one of these instances the Widal reaction 
was negative two days before the hemorrhage, in the others it 
had not been sought. 

Early intestinal hemorrhage in typhoid is more comrrion 
than is generally reputed, and in walking cases it is not rare. 
The usual time of recorded hemorrhages has been during the 
third week but it occurs often during the second week and oc- 
casionally in the first. Thus an intestinal bleeding, even after 
a few days of fever., must be considered, with suspicion and not 
disregarded as an accidental affair. , , ; , 

It has been impossible to study sufficiently; the state of the 
bowels during the first two weeks of fever, but it can be ac- 
cepted that sloughing of the necrotic surface and consequetit 
opening of the vessels does not take place until later ; hence the 
early hemorrhages must be explained in some other way. There 
is first a general hyperemia of the ileum with marked congestion 
of the patches opposite the attachment of the mesentery. This 
congestion has been plainly seen during the first few days of the 
fever when early involvement of the appendix demanded a lap- 

Read before the .Icademy of Medicine of Cleveland,, fatmdry 15, 1^09. 
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arotomy and consequent exposure of the bowel to inspection. 
In one instance of that character when I was present the conges- 
tion of the ileum was marked at what was estimated to be the 
fifth day of the disease. Then follows the medullary infiltration 
of the Peyer's patches and solitary follicles, when the inflamed 
surfaces are thickened and swollen. The tissues are then raised, 
villous, spongy, friable and frequently infiltrated with blood so 
that their color is dark red and even black. At this time hemor- 
rhage can and does occur. If the involved patches are numerous 
the bleeding can be very extensive although it is a capillary and 
oozing hemorrhage. Early intestinal hemorrhage in typhoid fever 
does not then result from open vessels or a loosened thrombus 
but from the congested or hemorrhagically infiltrated lymphatic 
tissues. Such being the state of the bowels early in the disease, 
hemorrhage might be anticipated in ambulatory cases, and espe- 
cially so when a diet regimen had not been carefully followed. 
Effort, a jar or blow, or marked dietary indiscretion would almost 
be expected to produce the dreaded accident. 

After the infiltration stage which continues well into the 
second week and even longer, for the evolution of the inflamed 
patches is successive, there follows the period of anemic necrosis 
and sloughing when the blood-vessels are easily broken and the 
bleeding is more frequent and profuse. The hemorrhage con- 
tinues from non-closure of the vessels, imperfect thrombotic 
formation and consequent facile reopening of the bleeding chan- 
nels. 

Late hemorrhage even during convalescence, when progres- 
sive ulceration has ceased, probably results from reopening of the 
vessels by expulsion of thrombi, because of the increased vigor 
of the circulation or even from spontaneous loosening of thrombi, 
when it partakes of the nature of a secondary hemorrhage. 

Late in especially severe cases there is occasionally seen a 
constant oozing of blood that keeps the stool black for days. The 
patient grows paler and even develops delirium for the first 
time, apparently from exhaustion. This is sometimes a renewed 
capillary hemorrhage and sometimes the result of a veritable 
hemorrhagic diathesis such as is frequently observed in typhus 
fever. The hemorrhagic diathesis, fortunately of rare occur- 
rence in typhoid fever, may be extensive enough to cause surface 
bleeding in many places. I saw one case in which the gums, nose, 
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Stomach and kidneys bled as well as the bowels. In this instance 
the vessels were so ■ feeble that the perforating arteries of the 
palate oozed ; one could see the blood accumulate at the roof 
of the mouth and fall in drops upon the tongue. 

The hemorrhagic diathesis is the probable cause of some of 
the extensive intestinal hemorrhages. When the coagulation time 
is especially slow, and a tendency to bleeding is noticed elsewhere 
than from the bowels, and ecchymoses are common, the presence 
of an acquired hemorrhagic diathesis is probable, and its incidence 
should be seriously considered as the eventuality is a fatal issue. 

In 1218 consecutive cases of typhoid fever in Lakeside Hos- 
pital there have been 74 cases of intestinal hemorrhage, or 6.07% ; 
56 of them were men and 18 women. In some years the hemor- 
rhagic cases were more numerous than in others, but this per- 
centage of 6.07, based as it is on a series of cases running over 
11 years, doubtless represents the proportionate prevalence of 
hemorrhage in typhoid fever in this city. 

It corresponds closely with reports on this accident else- 
where; thus 4.670, 4-65%, 5.3%, 6%, 6.3/i , 7.3% are figures 
that are given. In the Johns Hopkins Hospital the figure is 
6% while 7% is given in Osier's "System." 

Men are more liable to hemorrhage than women but our 
figures do not represent the exact proportion because the number 
of men treated was much larger than the number of women, and 
the proportions have not been accurately calculated. However, 
it is highly probable that the tendency to hemorrhage is greater 
in men. There may be other reasons for this than sex alone. 
The social condition of many of the men is inferior, some are 
tramps, their physical condition is bad due to alcoholic habits and 
exposure. Moreover, women are more easily managed ; especially, 
to mention one matter, in the taking of large quantities of water. 
It is a common belief in the hospital that clinical toxemia is of 
less frequent occurrence in the women's wards than in the men's. 
This variant is ascribed to the docility of the women in taking 
water abundantly. 

The Brand system of full baths, modified onlv as to the 
temperature, is in common use. All cases are bathed every three 
hours for 15 minutes day and night in a tub with water ranging 
from 85° to 95° Fahr., when the temperature of the patient is 
at 102.5° Fahr. 



4 lyOWMAN — Intestinal Hemorrhage in Typhoid 

Although the mortality has been low, the last two years for 
example less than 2%, some years however being 9%, the in- 
cidence of hemorrhage has not been particularly influenced. Cer- 
tain epidemics in which the expectant treatment has been fol- 
lowed have shown about the same proportion of hemorrhage. 
Although the water treatment has reduced to 4.i57f,- the general 
mortality of 25%, which I showed to be the death rate in Charity 
Hospital here 25 years ago, it apparently cannot be demonstrated 
that the tendency to hemorrhage has diminished to any marked 
degree. 

The improvement in the management of typhoid fever has 
been in the control of the toxemia. In 51 deaths in the wards 
of the hospital during the past 1 1 years, 28 were from perforation 
of the bowels, 11 from hemorrhage and perforation, nine from 
hemorrhage followed by toxemia, and one from hemorrhage di- 
rect. The purely toxic typhoid of a former era is rarely seen 
today. 

The liability to hemorrhage increases with the age of the 
patient. 

In this series hemorrhage occurred : 

Between i and 10 years in i case. 
Between 11 and 20 years in 16 cases, or 21.6%. 
Between 21 and 30 years in ,34 cases, or 45.9%. 
Between 31 and 40 years in ig cases, or 25.6%. 
Between 41 and 50 years in 3 cases. 
Between 50 and 60 years in i case. 

This table does not clearly show the proportion because the 
cases are not classified by ages. There are a much larger num- 
ber of persons admitted between the ages of 21 and 30 than in 
any other decade and consequently there would be a larger num- 
ber of hemorrhages in that period. 

Hemorrhage is, however, less likely to occur in childhood ; 
in this series there was but one case. There was but one instance 
occurring in a patient over 50 years. This is doubtless due to 
the fact that the intestinal lesions are less prominent in child- 
hood and old age than in adult life. 

The incidence of hemorrhage in childhood is ordinarily 
placed at 1%. In our series of 83 (adding nine to the original 
series of 74), it would be 1.2%. 

The effect of the hemorrhage is greater upon men in early 
manhood than at other times and greater than the effect upon 
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women. They grow more ill, more toxic, more delirious and are 
more apt to die. 

Date of hemorrhage : I have already referred to early hem- 
orrhages. They are more frequent than is usually reputed, but in 
this series they were most frequent between the eleventh and 
twentieth day, from the time of onset of the disease. They oc- 
curred as follows: 

Between the first and tenth day, 7 cases, or 9%. 

Between the eleventh and twentieth day, 34 cases, or 45.9%. 

Between the twenty-first and thirtieth day, 24 cases, or 32%. 

On the thirty-sixth day, i case. 

On the fortieth day, i case. 

On the forty-second day, i case. 

Indeterminate, 5 cases. 

Those under the tenth day were probably due to- hemorrhagic 
infiltration of the Peyer's patches and were, as a rule, less 
abundant than those occurring later. One sees sometimes one 
large early hemorrhage and no more, while after the fifteenth 
and twentieth days one hemorrhage is apt to be followed by 
others. They are then presumably due to lifting of the slough, 
the freeing of the thrombus and the eventual open vessels. 

That hemorrhage occurs at the forty-second day of the 
disease shows that the patient is never free from the danger of 
bleeding, and since hemorrhages have been reported at the sixth 
day one sees that the accident i? possible at almost any time 
during the illness. 

There were two instances of hemorrhage during the relapse. 
The illness is usually less severe during the relapse than during 
the primary attack; the intestinal lesions are less pronounced and 
the fever less high. Hemorrhage would naturally be a less fre- 
C|uent complication. The fact that hemorrhage occurred but 
twice in this series bears out the belief that a relapse is apt to be 
of a milder type than the original attack. Curshman reports but 
four instances of hemorrhage during the relapee among a large 
number of cases observed. 

It is impossible to determine the amount of blood lost. It 
is described as small clots, bloody stools, four to ten ounces, or 
large quantities. Sixteen ounces is not. an exaggeration in mas- 
sive hemorrhages. The number of hemorrhages imputed to a 
single patient is also subject to suspicion. One hemorrhage may 
be measured by several stools. The higher the bleeding point the 
slower the blood passes away from the body. The peristalsis is 
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notoriously slow in typhoid fever and the blood remains even 
days in the lumen of the intestine and after death blood is still 
found there. The clinical symptoms are not always clearly 
enough defined to fix the hour of the accident and often the visi- 
ble evidence of the blood is the first evidence, so that when in 
our records, lo bloody stools are recorded it can not mean of 
course lo hemorrhages. Sometimes only a few black clots are 
seen. Sometimes one, two or three large bloody stools come 
near together, in which case there has been probably but one 
hemorrhage. When, however, as in several cases, the hemorrhage 
continued 7, 8, 9 and 10 days there had probably been several 
hemorrhages. The smallest hemorrhages must be respected and 
appropriate precautions taken. In one case a few black clots 
that were considered of but slight importance were followed in 
three days b}' a massive hemorrhage that blanched the face of the- 
patient, lowered his temperature, increased and enfeebled the 
pulse and threw him temporarily into a state of shock. 

The immediate cause of hemorrhage is not ordinarily ap- 
parent. It comes suddenly, unexpectedly, like a thunderbolt 
out of a clear sky, and immediately in massive hemorrhages the 
clinical picture is alarmingly changed. The flushed face gives 
way to pallor, the eyes sink into the head, the nose is pinched, 
the cheeks hollow and mouth compressed, the pulse is weak and 
rapid, the body is livid and cold and the patient lies apathetically 
in partial syncope. 

In ambulatory cases, as I have said, a cause can be sur- 
mised. In those under observation and care an exciting cause 
is not clear. Bodily activity resultant from delirium, effort, in- 
discretions of diet, all could be cited, but are more or less specu- 
lative. Whether the lifting of the patient to and from the bed 
into the bath is a cause is open to inquiry. The peripheral ves- 
sels are contracted after a cold bath and the viscera are con- 
gested, the surface is pale and often cyanotic, the blood-pressure 
rises though the pulse is usually slower, the patient shivers and 
complains of cold. These conditions, with the violent movement 
incident to the lifting of a heavy man, might well be cited as 
incidental causes. Were the percentage of hemorrhage higher in 
bathed cases, the above-mentioned influences might well be con- 
sidered as explanatory of the increase, but as we have shown, 
the percentage is about the same whether the baths are. given 
or not. 
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Certain it is, that at the first evidence of intestinal bleeding, 
though it be never so small, the baths must be stopped and 
absolute quiet enforced by every endeavor. It would be contrary 
to good judgment to bathe in a tub a patient who gave even a 
remote evidence of a recent hemorrhage or the promise of a 
near one. 

The symptomatology of hemorrhage is often indefinite. In 
this series 36, or 48.64%, gave no prodromata. 

The symptoms recorded are : 

Foul stools in i case. 

Diarrhea in 3 cases. 

Pain in 9 cases or 12.1%. 

Sudden distention in 3 cases. 

Fall of temperature in 13 cases, or 17.5%. 

Fall in blood-pressure in i case. 

Delirium in 6 cases. 

This list is of value chiefly in stimulating reflection. 

Extremely careful observation would modify it. It is my 
belief that malodorous stools not infrequently precede hemor- 
rhages. Free blood in the bowel is foul and betrays its presence 
by the escape of fetid gases. Nurses trained in this particular 
will often prognosticate a coming hemorrhagic stool. With other 
corroborative symptoms it is by no means as negligible a factor 
as our series shows. 

Diarrhea sometimes precedes bloody stools. When it sud- 
denly follows constipation it should be considered with reference 
to hemorrhage. 

Fall in blood-pressure has not been extensively studied by 
us but it frequently happens in massive hemorrhage. To make 
systematic blood-pressure tracings in a very sick typhoid case 
is, however, a hardship to the patient and a burden to the at- 
tendant. In the large proportion of hemorrhages there is no 
marked change in the pressure. Sudden rise of the pulse with 
other symptoms is significant, but it must be remembered that 
the pulse sometimes falls with the blood-pressure and the tem- 
perature. This concurrence is by no means unfavorable, on the 
contrary the slow pulse in hemorrhage has a favorable prognostic 
value. 

In six cases delirium preceded the hemorrhage. 

Of interesting moment is the factor pain. In 12.1% of the 
cases (9) pain preceded hemorrhage, and in two cases this was 
so marked and so coassociated that it connoted perforation and 
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impelled to laparotomy for an idea, since there was no perfora- 
tion. It is well here to anticipate for a moment, long enough 
to glance at the mortality from hemorrhage and learn that 52.387<: 
of the fatal hemorrhagic cases perforated. With this in mind 
one can the more readily realize the immense significance of 
abdominal pain in typhoid fever. It may be due to hemorrhage, 
to peritonitis, to perforation, to simple hyperesthesia. There are, 
as well, other causes that find their origin in the glands, spleen, 
kidneys, bowels, vessels, etc., but one of the first mentioned four 
factors is the highly probable cause of abdominal pain in typhoid 
fever. With diarrhea pain is more frequent and misleading. The 
abdomen is tender, but it is generally tender. The pain in 
hemorrhage is more localized and persistent. The physician 
sometimes fancies when he suspects a hemorrhage that he can 
detect a bogginess in the intestinal convolutions as if they con- 
tained a thick grumous fluid. One would not expect rigidity but 
the heightened nervous perception of some individuals causes a 
fixity of the abdomen that is very disturbing to the observer. 
Hyperesthesia will do the same thing but here the fixity partakes 
more of the character of a sharp reflex. Some typhoid cases 
pursue their entire course with a rigidity of the anterior ab- 
dominal wall that precludes any deduction and is a continuous 
source of anxiety to the attendant. This pain caused by hemor- 
rhage will, at times, be associated with a rigidity that defies 
analysis. 

I may be pardoned here for trespassing beyond the tenor of 
this resume by the citation of an instance where the patient came 
to a useless operation because of hemorrhage. She had had mod- 
erately abundant, bright red, bloody stools which were apparently 
due to one hemorrhage and did not seriously change her con- 
dition. Of a morning she had severe pain in the left upper quad- 
rant of the abdomen. There was definite pain to the finger 
point and, possibly, slight rigidity, yet the abdomen moved 
synchronously with the respiration. It was surmised that the 
bleeding point might be in the colon and the floor of the ulcer 
on the serous coat. The following night there was again a mod- 
erately abundant red stool followed by considerable depression 
of the vitality of the patient. In the morning the pain had in- 
creased and was distinctly localized. Abdominal breathing was 
circumscribed but all respiratory movements were weak and 
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shallow. As the day dragged on the pain increased, the abdomen 
became more fixed and rigid. Laparotomy was done, no perfora- 
tion was found and the cultures taken from the abdominal cavity 
were sterile. 

Opium is often used in hemorrhage. In view of the fact 
that the question of perforation may arise the use of this drug 
might prevent a diagnosis. I have in mind one case of hemor- 
rhage in which opium was used to excess and the symptoms of 
perforation were obscured so that the opening was not even sus- 
pected and was found only at autopsy. 

In 17.6% of the cases of hemorrhage there was a fall in 
the temperature. These were all more or less severe but the ob- 
servation was not always made before the visible signs of bleed- 
ing. The fall was from two to five degrees. In few instances 
it went below the normal point. Ordinarily it returned to the 
previous high grade in six to twelve hours. A persistent low 
temperature after hemorrhage is prognostically unfavorable and 
bespeaks low resistance. A rapid return of the fever shows vig- 
orous power of reaction and a more decided and persistent 
strength. In one case a severe hemorrhage in the latter part of 
the third week was associated with a decided drop of the fever 
and a persistent low temperature while the patient gradually and 
rapidly went on into convalescence. Such instances may possibly 
have been formerly more common and may have lead Trousseau 
and his school to the belief that hemorrhage had a beneficent 
potentiality, a most erroneous position which only an occasional 
and exceptional instance could have suggested. Sudden pallor, 
pulse acceleration, restlessness with an abrupt critical drop in 
the temperature are the marked prodromic symptoms. 

Of those attacked with intestinal hemorrhage 20 to 30% 
die. Of the hemorrhage cases in this series 21 individuals, or 
28.37% died; this is 1.72% of the entire number of cases. Of 
the 21 cases 11, or 52.38%, died of perforation, representing 
14.8% of the hemorrhagic cases. Nine, or 12.16%, died of tox- 
emia and. one from the immediate direct effects of hemorrhage. 

I have already hinted at the high percentage of perforations 
in hemorrhage cases. I apprehend that the idea of perforation 
is not ordinarily associated with that of hemorrhage. When 
these two accidents, the most serious that can complicate the 
course of typhoid fever, coexist in the same individual death is 
almost absolutely certain. 
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The time of perforation after hemorrhage was noted in eight 
of the eleven cases and was: 

1 day after hemorrhage in i case. 

2 days after hemorrhage in i case. 

3 days after hemorrhage in i case. 

4 days after hemorrhage in 2 cases. 

5 days after hemorrhage in i case. 
4 weelcs after hemorrhage in 2 cases. 

Thus in six instances it is persumable that the hemorrhage 
and perforation were incident to the same lesion although nat- 
urally this is not absolutely certain. 

Of all (39) perforations 28.0270 were preceded by hemor- 
rhage. The association of perforation and hemorrhage which a 
study of this series shows is a most interesting demonstration. 

Operation for hemorrhage is of doubtful utility. It is diffi- 
cult, if not impossible, to find the bleeding points, the dark places 
that lock threatening are due to hemorrhagic infiltration and are 
not especially dangerous, certainly not dangerous enough to re- 
quire interference ; the manipulation of the bowels necessary to 
find the bleeding ulcers is of itself provocative of renewed bleed- 
ing. 

In anticipation of the perforation which intervenes in 52% 
of the cases of hemorrhage it is very desirable to localize the 
bleeding point as a guide of more or less importance to the sur- 
geon. It does not follow, of course, that the bleeding ulcer is 
t;:e one that perforates. Rluch depends on the rapidity of the 
operator and everything possible should be done to aid his celerity 
and despatch. Cito, tuto ct jitcnndo should be his motto with 
emphasis on the first part of this old legend, f fancy that the 
surgeons of the old French school that flourished before the days 
of anesthesia would have surpassed in results the careful dis- 
secting surgeons of our day. 

When the classical picture of hemorrhage presents itself and 
a red bloody stool follows sharply on this dreaded apparition, 
the bleeding originates in the neighborhood of the cecimi. Perhaps 
above, perhaps below, but somewhere thereabout. If the hemor- 
rhage comes on tardily and is black and tarry its origin is high 
in the ileum and possibly in the jejunum, ^\'hen the usual symp- 
toms are associated with vomiting the hemorrhage is likely to be 
high in the small intestine. , The behavior of the stools in con- 
junction with pain will give a reasonable idea of the position of 
the dangerous ulcer. 
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However in our series pain was present in only 12.1% of 
the cases and fall in temperature in but 17.5%, so that there 
could be no guide in about three-fourths of the cases except what 
was gained from the stools alone. 

The chief therapeutic conception in intestinal hemorrhage 
is the securing and maintenance of an empty and collapsed bowel 
whereby the vessels will be compressed and the conditions favor- 
ing arrest of hemorrhage will obtain. As in bleeding ulcer of 
the stomach so long as the viscus is distended the openings of the 
broken vessels more easily remain patulous. If the stomach or 
the gut can be emptied and the sides of the organ made to fall 
together the bleeding points are compressed and the hemorrhage 
mechanically stopped. Other remedial agencies such as cold, 
astringents, the arousing of vasomotor forces, opium or operative 
means are insignificant in comparison, valuable as they may be 
as secondary aids. Fortunately the increased volume of the in- 
testinal contents provokes a large stool and the bowels are par- 
tially emptied. The use of a hydrogogue cathartic is thus not 
necessary. It is moreover questionable whether a purgative 
should be used in any but early hemorrhage. In the stage of 
medullary infiltration it could be considered with the expectation 
that it would act favorably on the swollen tissues as well as 
empty the bowel. On the other hand early capillary hemorrhages, 
though sometimes abundant, are very rarely continuous and a 
cathartic is not demanded. In late hemorrhages with ruptured 
blood-vessels, the increased peristalsis would be only too apt to 
increase the hemorrhage. Some of the contents must therefore 
be left ; the bowel can not safely be absolutely cleaned. All food 
must be interdicted ; nothing, not even milk, should be allowed ; 
water can be permitted. As patients very very rarely die as the 
result of the hemorrhage, and then almost always after several, 
as shown by one death in this entire series, one can reasonably 
expect that the patient will quickly recover from the results of 
his acute anemia, and the entire energy of the physician can be 
devoted, for a time at least, to stopping the bleeding. The ab- 
stinence can be continued six days after the hemorrhage ceases. 
This plan of complete abstinence has been pursued with especial 
vigor during the past two years and is probably responsible for 
the reduced mortality during that time. A Leiter coil or cold 
applications to the abdomen, stimulants hypodermically, opium 
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in small quantities for restlessness and active peristalsis and 
water are incidentally used as required; all bathing except for 
comfort is stopped. This should be done on the slightest sugges- 
tion of danger even though extreme measures are not considered 
necessary. Lactate or chlorid of calcium is employed almost as a 
routine although its use is not scientifically demanded unless 
the coagulation time is slow which is not always the case. It is 
tedious and rarely practicable to estimate the coagulation time, 
one therefore takes the chance of benefit from it. The older 
remedies, turpentine and ergot, are useless. Opium abolishes 
peristalsis and is an effective aid. Absolute quiet is essential. 
In one case, however, in which the hemorrhage was alarmingly 
extensive and repeated, a large bed-sore developed from the com- 
plete rest which was earnestly enjoined. 

In nine cases marked toxemia developed with delirium, 
restlessness, dry tongue, high fever and exhaustion and caused 
a fatal issue. The withdrawal of the water and the baths, the 
chief enemies of toxemia in typhoid feyer, were largely responsi- 
ble for this development. The anemia, exhaustion, enfeebled 
cardiovascular energy,, and the cerebral ischemia, by lessening 
all the protective agencies of the body, contribute to the toxemia 
as well. Drugs prevail but feebly against it, yet one uses the 
usual group of strychnin, caffein, alcohol, digitalis and camphor 
in a vain hope. But it seems sometimes like beating against a 
stone wall. Hypodermoclysis, oxygen, all the agencies in fact 
that are known to prevail against profound exhaustion should 
of course be used. 

The supreme consideration to have in mind is the necessity 
of placing the bowel in a state of absolute rest and collapse. 

Hemorrhage is the serious accident of typhoid fever. It 
causes more deaths than any other complication. Its advent is 
the instant of alarm. With its coming the patient loses at once 
twenty to thirty chances out of a hundred for his life. Small 
wonder then that its clinical history should arouse so active an 
interest. 

1&07 PrQspect Ave. 
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A CASE OF ACROMEGALY WITH THROM- 
BOPHLEBITIS OF THE SUPERFICIAL 
VEINS. 

A STUDY OF THE CARDIOVASCULAR CHANGES IN 
ACROMEGALY. 

By JOHN PHILLIPS, M.B., 

CLEVELAND, OHIO. 

INSTRUCTOR IN MEDICINE, WESTERN RESERVE UNIVERSITY; ATTENDING 
PHYSICIAN TO THE DISPENSARY OF THE BABIES' DIS- 
PENSARY AND HOSPITAL. 

This case of acromelagy is considered worthy of 
report because of the occurrence of thrombophle- 
bitis of the superficial veins. In a careful search 
through the literature I have been unable to find a 
similar case recorded. 

R. W., male, aged 51, Lakeside Hospital Medical 
No. 5685, was admitted to Lakeside Hospital May 
28, 1906, on the service of Dr. E. F. Cushing, to 
whom I am indebted for the privilege of making this 
report. The patient complained of stomach trouble, 
swelling of the feet, and shortness of breath on ex- 
ertion. The family history threw no light on the 
case. He had typhoid fever when eleven years of 
age, and rheumatism in the spring of 1905. Fol- 
lowing his attack of rheumatism he had shortness 
of breath, weakness, and swelling of the feet, which 
persisted with some intermissions until his admission 
to the hospital. He had always used whiskey, beer, 
tea, coffee, and tobacco very freely. He had gon- 
orrhea eighteen years previously, but had never had 
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syphilis. On inquiry as to whether his hands and 
feet had become larger or his voice coarser in re- 
cent years, he thought that they had, though he 
was of such a low grade of intelligence that hepaid 
little attention to these details. However, his sister. 
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Fig. 1. — Showing the appearance of the patient when 28 years old. 

who came to visit him at the hospital and who had 
not seen him for ten years, said that he had changed 
so that she could scarcely believe he was her brother. 
She said his hands were very much larger, that he 
wore much larger shoes, and his voice was much 
coarser than when she had last seen him. 




Fig. 2. — Showing the appearance of the patient at the time of admis- 
sion to hospital. 

The illness for which he was admitted to the hos- 
pital began one year before with weakness and 
shortness of breath on exertion. He also had 
marked swelling of his feet. This condition con- 



tinued with intervals of improvement until he was 
admitted to the hospital. At that time he had se- 
vere attacks of nocturnal dyspnea. 

Physical Examination. — Patient was a large, 
heavily built man, height 5 feet 8 inches, weight 210 
pounds. He stood with his feet quite wide apart, 
and his shoulders and head bent forward so that 
he looked from under his eyebrows. He answered 
questions readily, but his mentality was below nor- 
mal. His face was massive, deeply wrinkled, es- 
pecially about the forehead, his expression sorrow- 
ful, though he was quite good natured. His general 
musculature was quite well developed, but not in 
proportion to his massive size. The skin of his 
face was dark from exposure, and felt thick. His 
hair was very coarse, had a tendency to stand up, 
and the hair line came down low on his forehead. 
His head was round in shape ; the external occipital 
protuberance stood out as a rounded prominence, 
the base of which was 3 cm. in diameter anc' raised 
2 cm. above the surface. The superior curved 
lines of the occipital bone formed very prominent 
ridges. The glabellas of the frontal bone were very 
prominent, owing no doubt to the enlarged frontal 
sinuses. The superciliary ridges of the frontal bone 
were much enlarged. The zygomatic arches were 
massive ; the malar bones and the infraorbital por- 
tions of the superior maxilla stood out as large 
prominences due probably to the enlarged cavity of 
the antrum. The nose was large and globular and 
the alas were very thick ; the hypertrophy affected 
chiefly the cartilages and soft parts of the nose. 
His mouth was large, the upper lip 1.5 cm. thick, 
and the distance from the lower border of the nasal 
septum to the margin of the upper lip was 2.5 cm. 
The lower jaw was large and projected forward 
so that in closing his mouth the lower teeth were in 



front of the upper. The teeth showed consider- 
able decay and those in the lower jaw showed dis- 
tinct spacing. The alveolar processes were 2.5 cm. 
in width. The palate arch was very high, extending 
upward as a deep groove 2.5 cm. wide and 1.5 cm. 
deep, the deepest part being posteriorly. The tongue 
was dry, not coated, very large, with deep fissures 
on the dorsum, and the papillae were very much 
hypertrophied. The tonsils were slightly enlarged, 
the epiglottis smaller than normal, and the vocal 
cords moved freely but were considerably thick- 
ened. 

His speech was slow and the tone of his voice 
harsh and deep. His hearing was good ; the lobules 
of his ears were very large. The circumference of 
his head measured 58 cm., from the point of his 
chin to the hair line on his forehead 21 cm. The 
examination of the eyes revealed nothing abnormal 
except the limitation of the visual fields (see dia- 
grams). 

His neck was large and very short. The thyroid 
cartilage was massive and the pomum Adami was 
very prominent and sharp. The thyroid gland was 
palpable but not enlarged. There was no general 
glandular enlargement. 

The chest was barrel-shaped with a very marked 
cervicodorsal curve. The spinous processes of all 
the vertebras were prominent and thickened, espe- 
cially the spines of the Seventh cervical and first 
dorsal vertebras. The spinous processes of all the 
dorsal vertebras were much lengthened. The shoul- 
der girdle was massive. 

The clavicle was long and broad, its curves ac- 
centuated, and much roughened at the site of the 
attachment of the muscles. The scapula was very 
broad and the spine, the acromion, and the coracoid 
process were rough, thickened, and enlarged. The 



costal angle was very obtuse. A broad shallow fun- 
nel-shaped depression was noticed over the lower 
part of the sternum. The manubrium sterni was 
broad and formed a sharp angle with the gladiolus. 
The percussion note over the upper part of the ster- 
num was quite dull. On the left side at the costal 




Fig. 3. — Fields of Vision in the Left Eye. Form outline, — ; 
blue, . — . — ; red, . . ; green, .. — .. — 

margin in the marnmary line a distinct bone deform- 
ity, the result of an old injury, projected 2.5 cm. 
above the surface. The circumference of the chest 
was 101.5 cm., expansion 1.5 cm. His lungs were 
clear throughout to percussion and auscultation. 

The point of maximum impulse of the heart was- 
feeble, somewhat diffusely seen and felt in the fifth 



interspace just outside of the mammary line. The 
relative cardiac dullness extended to the left 14 
cm. from the midsternal line at the level of the 
fourth rib, and to the right 2 cm. beyond the right 
sternal border at the same level. The first sound 
of the heart was very irregular both in force and 




Fig. 4. — Fields of Vision in the Right Eye. Form outline, — ; 
blue, , — . — ; red, . . ; green, .. — .^. — 

rhythm, and at the apex could be heard a soft blow- 
ing systolic murmur, which was transmitted faintly 
into the axilla, but could not be heard in the back. 
The second sound in the aortic area was consider- 
ably accentuated. His pulse was irregular and ar- 
rhythmic, volume full, pulse rate, 66. The arteries 
accessible to palpation were all large and showed 



considerable sclerosis. The blood pressure was 170 
mm. (Riva-Rocci instrument, Cook's modifica- 
tion, 10 cm. band.) 

The abdomen was quite pendulous. The growth 
of hair over its lower part was abundant but not 
unusually so. The spleen was not palpable. The 
lower border of the liver could be felt 3 cm. below 
the costal border. There was no abdominal tender- 
ness and no masses were felt. His penis and testi- 
cles were normal in size. 

His hands were very large and spade-like in char- 
acter, the increase in size being more marked in 
breadth than in length. The thenar and hypothenar 
eminences were very prominent and heavily pad- 
ded. The skin of the palm threw itself into thick 
folds when the hand was closed, similarly when 
the fingers were extended thick folds appeared on 
the dorsum of the hand. The thumb was short, 
stood away from the index finger, and the dorso- 
palmar diameter was very long because of the thick 
padding of the ungual phalanx. The distal phalan- 
ges of the fingers were very thick, due to the sim- 
ilar padding of the palmar surface. The finger- 
nails were large, shiny, and markedly curved, and 
showed numerous linear striations. The fingers had 
a tendency to stand apart as though they were pre- 
vented from lying close together by the large size 
of the metacarphalangeal joints. When the wrist 
was tightly compressed a distinct flush of the hand 
unaccompanied by pain soon appeared, the veins be- 
ing full and the arteries throbbing. This flushing 
was similar to that seen by the writer in a case of 
erythromelalgia in the same ward a few months 
before. The circumference of the palm of the hand 
was 25 cm., of the wrist 18.5 cm.; the length of 
the middle finger was 9 cm., its greatest circumfer- 
ence 8 cm. The musculature of the forearm seemed 



rather scanty when compared with the unusual size 
of the hand. 





FxG. 5. — Showing the points of induration due to thrombophlebitis. 

The feet showed changes similar to those de- 
scribed in the hands. They were very large so that 
he had to have his shoes made to order. The in- 
crease in size was chiefly in the breadth, the toes 



being short and thick with heavy padding on the 
plantar surface. The great toe was extremely large. 
The nails showed marked trophic changes, being 
thick and markedly curved. When the feet were 
allowed to hang down with the patient sitting on 
the side of the bed, they rapidly showed a flushing 
brighter even than that described in the hands, with 
a similar dilatation of the veins and throbbing of 
the arteries. His patellar and Achilles tendon re- 
flexes were present but sluggish. There was no 
disturbance in any part of the body of the sensation 
of touch, pain, heat, or cold. There was some edema 
of his shins. 

His urine was scanty, highly colored, specific 
gravity 1024, reaction acid, albumin heavy trace, no 
sugar ; microscopic examination showed an occa- 
sional leucocyte and epithelial cell, a few hyaline 
and granular casts. 

The examination of the blood gave the following 
count : Red blood corpuscles 4,958,000, white blood 
corpuscles 6,800, hemaglobin (Dare) 80 per cent. 
The differential count of 500 leucocytes showed 
polymorphonuclears 51.5 per cent., small mononu- 
clears 43.5 per cent., large mononuclears, 4.7 per 
cent., eosinophiles, 0.3 per cent. The red corpuscles 
stained well and were normal in size and shape. 

With rest in bed and appropriate t-reatment his 
cardiac compensation was soon restored and his 
dyspnea and edema disappeared. During his en- 
tire stay in the hospital his skin was always bathed 
in perspiration. 

The unusual feature of this case was the appear- 
ance in the middle of each forearm, eighteen days 
after his admission to the hospifal, of small symmet- 
rically-situated indurations. These were quite ten- 
der, 2 by 3 cm. in size, and it could easily be de- 
termined that they were due to thrombophlebitis of 



the superficial veins. They soon lost their tender- 
ness and disappeared in about ten days, leaving only 
a slight thickening. A few days later similar ten- 
der indurated areas appeared in each calf about 
midway between the knee and ankle joint. These 
also were definitely associated with the superficial 
veins. In all there were eight of these indurations 
due to thrombophlebitis. They were unassociated 
with rise of temperature or leucocytosis. 

The patient died very suddenly a few days after 
leaving the hospital, and unfortunately an autopsy 
was not obtained. 

Little attention has been paid by writers on the 
subject of acromegaly to the cardiovascular changes 
of this disease. In many cases hypertrophy and 
dilatation of the heart associated with arterioscle- 
rosis have been described, but without comment, the 
writer apparently regarding the condition as a mere 
coincidence. Marie^ mentioned the fact that syn- 
cope was a common cause of death in these patients 
and that they frequently had varicose veins. 

Huchard^ was really the first to call attention to 
the cardiovascular changes in acromegaly. He de- 
scribed three cases. In the first there were marked 
symptoms of angina pectoris. The second, a man 
57 years old, seen fifteen years after the first signs 
of acromegaly developed, had cardiac hypertrophy 
with arrhythmia. The third case, a man 62 years 
of age, had all the signs of sclerosis of the heart 
with pronounced inrcease in the cardiac dullness, 
dilatation of the heart, and interstitial nephritis. 
Later his patient had breaking down of compensa- 
tion, edema of the legs, and pulmonary infarction. 
J. B. C. Fournier^ in 1896 in a thesis reviewed the 
literature of acromegaly up to that date and found 
twenty-five cases in which there were cardiovascu- 
lar changes. Of the cases quoted by him the heart 



was enlarged in all except in the case described by 
Henrot. In this patient a man aged 35, the heart 
was small, the walls thin and flabby, but without any 
degeneration of the heart muscle. In Dallemagne's* 
case, quoted by Fournier, a man aged 47, who died 
from diabetic coma, the heart at autopsy weighed 
885 grams. The wall of the left ventricle was 
3 cm. thick; the valves were not diseased except 
that the free edges of the mitral valve were slightly 
adherent. Histological examination showed an hy- 
pertrophy of the muscle fibers to double their normal 
size and a slight effacement of their striations, but 
without sclerosis or granular degeneration. The 
vessels showed thickening with yellow plaques of 
sclerosis and obliteration of the small branches of 
the arteries (endarteritis and periarteritis). In a 
second case recorded by Dallemagne the heart 
weighed 830 grams. Fournier divided the car- 
diac changes into two classes: (i) A simple en- 
largement of the heart (cardiomegaly) without de- 
generation of the muscular fiber, the heart partici- 
pating in the increase in size of the other organs 
(splanchnomegaly) ; (2) an hypertrophy in which 
there is a true sclerotic myocarditis, a cardiorenal 
arteriosclerosis often with enlarged liver, edema of 
the feet, albumin in the urine, and not infrequently 
angina pectoris. He attributed the arrhythmia to 
the direct action of the poison of acromegaly on the 
muscular fibers of the heart. 

Klebs° attached a great deal of importance to the 
changes in the vessels. He found a great increase 
in the caliber of the vessels with thickening in the 
internal and external coats. In his patient, a man 
40 years of age, the heart at autopsy weighed 550 
grams; the mitral and tricuspid valves were insuf- 
ficient. The vessels participated in this hypertrophy 
and dilatation. 



The following are the measurements of the ves- 
sels, the figures noting the circumference of the 
vessels in millimeters: pulmonary artery outside 
the valves, 90 ; aorta outside the valves, 85 ; ascend- 
ing aorta, "JT, thoracic aorta under left clavicle, 60; 
intercostal arteries, 56; renal arteries, 36; lumbar 
arteries, 41 ; right iliac artery, 28 ; left iliac artery, 
28; hypogastric artery, 18; external iliac artery, 24; 
femoral artery at Poupart's ligament, 20; deep fem- 
oral artery, 20; right subclavian, 34; right common 
carotid, 23 ; left common carotid, 23 ; right internal 
carotid, 26; right external carotid, 26; right verte- 
bral artery, 14; thyroid artery, 10. 

Tikomorofjf® considered that the vascular lesions 
presented three stages, viz., (i) dilatation of the 
vessels, (2) thickening of their walls, (3) oblitera- 
tion of their lumen. In some cases the vessels were 
transformed into fibrous cords. The thickening af- 
fected the media chiefly. In the various organs the 
walls of the vessels were thickened and dilated, 
sometimes causing hemorrhages through rupture. 
Furnivar reports a case of a man, age 58, with the 
usual signs of acromegaly. He was killed by a train 
and at autopsy the heart was found hypertrophied 
but no changes were noted in the valves. The 
kidneys showed an interstitial fibrosis. In dis- 
cussing the pathofogical anatomy, the data for which 
was largely obtained from Sternberg's' Monograph, 
he says that the arteries are thickened and dilated, 
all the coats being affected by fibrosis, but especially 
the intima. These changes begin in the aorta and 
pulmonary artery and spread to the smaller ves- 
sels. The dilatation is probably secondary to the 
degeneration of the vessel walls, although Klebs 
maintained the contrary. The heart is generally 
hypertrophied and dilated, which is probably due 
to the changes in the blood-vessels. The kidneys 
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are usually large and show signs of a chronic ne- 
phritis, the changes in the kidney being secondary to 
the cardiovascular lesions. In Hunter's" case, a 
male, 52 years of age, the heart weighed 26 ounces, 
showed general hypertrophy and dilatation, and the 
arteries at the base of the brain were very athero- 
matous. Claude and Moxter have also found 
marked arteriosclerosis. 

At a meeting of the Association of American 
Physicians in 1897, O. T. Osborne" reported the 
clinical history and the- autopsy findings in a patient 
who died at the age of 47 years from syncope. The 
heart was enormous, being 15 inches in circumfer- 
ence at the base of the ventricles and weighing two 
pounds and nine ounces. The wall of the right ven- 
tricle was three-eighths inch thick, that of the left 
seven-eighths inch. The valves of the heart were 
normal except for some slight thickening at the 
edges of the aortic valve. The coronary arteries 
were enlarged, admitting an ordinary lead pencil 
into their orifices. No occlusion of the heart ves- 
sels was found. In Leszynsky's^^ patient the heart 
was not enlarged and the arterial tension was nor- 
mal, but four months later his heart action became 
feeble, albumin and casts appeared in the urine, and 
he developed a left-sided hemiplegia which was fa- 
tal. Labadie, Lagrave, and Deguy^^ have reported 
two cases with marked hypertrophy of the heart and 
arteriosclerosis. In one the heart weighed 1240 
grams, and the radial artery was so sclerosed that 
it felt like a goose quill. Levi,^^ in a general review, 
gives among the symptoms of acromegaly, hyper- 
trophy of the heart, arterial hypertension, and vari- 
cose veins. He summarizes the relation between 
this disease and the cardiovascular lesions as fol- 
lows: The heart is hypertrophied, the aorta and 
pulmonary artery are the seat of thickening and 
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dilatation; these alterations reach the ramifications 
of these trunks; as a result of a dilatation of the 
heart, the viscerae show the evidences of a stasis. 
Mitchell and LeCount,^* in reporting the autopsy 
findings in a patient with acromegaly, whose heart 
weighed 450 grams and whose vessels were quite 
atheromatous, made an extensive review of the 
literature and found only eight cases, in which the 
condition of the heart was noted, in which en- 
largement was not found. Of these Hansemann 
found brown atrophy; Roxburgh and Coltes nor- 
mal; Dallemagne atrophied (the same author re- 
ported two cases where the heart weighed 885 and 
830 grams respectively) ; Henrot a curious atrophy 
of the heart and blood-vessels; Boltz, Frankel, 
slightly atrophied ; Johnstone and Monroe, 225 
grams. 

The veins show changes similar to those described 
in the arteries. Varicose veins of the lower ex- 
tremities are seen in nearly every case. It is easy 
then to understand the occurrence of thrombophle- 
bitis as seen in the case here reported. 

Whether the cardiovascular changes are a mere 
coincidence or one of the clinical features of acro- 
megaly is the question to be decided. If the hyper- 
trophy of the heart and the arteriosclerosis are due 
to the same cause as the changes in the bones, what 
is that cause? It is the opinion of the writer, both 
from a study of the clinical features of acromegaly 
and from the present physiological knowledge of 
the effects of extracts of the pituitary gland when 
injected into the circulation, that the cardiovascu- 
lar changes should be considered as much a part of 
the clinical picture of acromegaly as the changes in 
the bones, and should be so recorded in our text 
books. The condition of erythromelalgia, which has 
been noted in acromegaly by several writers and 
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was present in mild form in my case, is corrobora- 
tive of this opinion, as Weir, Mitchell, and SpiUer 
have shown that this condition depends upon an 
obliterative endarteritis of the vessels of the ex- 
tremities. 

In 189s Oliver and Schafer" found that injec- 
tions of extracts of the pituitary caused usually a 
marked rise in blood pressure associated with an 
augmentation of the force of the heart beat. Szy- 
monowicz^" in 1896 in two experiments upon dogs 
obtained a slight fall of blood pressure and a quick- 
ening of the heart beat. In 1898 Howell" tested 
separately extracts of the anterior lobe and of the 
posterior lobe of the pituitary of the sheep by in- 
jection into the circulation of anesthetized dogs. He 
found that extracts of the anterior lobe produced 
little or no perceptible change in blood pressure or 
heart rate. Extracts of the posterior lobe, how- 
ever, in a dog with vagi intact, produced a pro- 
nounced slowing of the heart beat, together with 
an increase of blood pressure ; while in a dog, with 
the vagi cut or under the influence of atropine, a 
prolonged rise in blood pressure was produced to- 
gether with a stronger and slower heart beat. Mag- 
nus and Schafer" in 1901 found that intravenous 
injection of saline extract of the posterior lobe is 
followed by a marked increase in the flow of urine. 
Schafer and Herring" confirmed this observation 
and showed the striking parallelism which exists 
between the pituitary and the suprarenal bodies in 
development, structure, and functions. In each gland 
there are two parts, one of which, a highly vascu- 
lar epithelium, yields an extract which is inactive; 
the other, of neuroectodermic origin, yields an ex- 
tract which has a pronounced effect upon the heart 
and arteries. They advance the supposition that 
the epithelial part of each organ furnishes a secre- 
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tion which passes through certain stages of forma- 
tion, and that its production is merely completed by 
the neuroectodermic part, where the full activity of 
the secretion is acquired. Herring claims that there 
is histological evidence of the passage of this secre- 
tion into the third ventricle to mix with the cerebro- 
spinal fluid. He claims that it is difficult to con- 
ceive that the posterior lobe of the pituitary should 
furnish an active secretion according to the usual 
views held of its structure. Cramer'"' has shown 
that strong extracts of the pituitary body produce 
within one or two hours a distinct dilatation of the 
pupil of the enucleated frogs' eye, but visible only 
after twelve or more hours with dilute extracts. 
The action of a solution of adrenalin on the pupil 
is more rapid but not so lasting. 

Various theories have been advanced as to the 
essential cause of acromegaly. The majority of 
observers believe that the disease is associated with 
some alteration in the function of the pituitary body 
of which Rolleston^^ suggests three forms of modifi- 
cations, viz., (i) suppression, a condition of incom- 
petency of the pituitary analogous to myxedema 
or Addison's disease. Such incompetency would 
imply either an atrophy of the pituitary gland, 
which is not in accordance with the post-mortem 
findings, the reverse being the case, or else de- 
struction by tumor; (2) hypersecretion, due to 
the excessive activity; this view is born out of ob- 
servations of simple hypertrophy of the hypophysis. 
The administration of pituitary extract would be 
expected to aggravate the symptoms. However, I 
think that the action of the pituitary extract like 
that of the parathyroids can not always be depended 
upon, as its active principle may be destroyed in the 
preparation. (3) Perverted function due to heter- 
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ogenous transformation of the structure of the pitui- 
tary body. 

The pathological changes in the gland point quite 
strongly to the hypersecretion theory. Hypertrophy 
of the prehypophysis with increased vascularity and 
increase of the chromophile cells, or adenomata are 
the most frequent lesions. Brooks^^ found the lat- 
ter condition at autopsy in his three cases. Atrophy 
of the gland has never been reported except in the 
single instance of Mosse and Daunic,^^ and only 
very exceptionally has it been stated as normal in 
size. Many observers have found sarcomata of 
the gland, but, as Brooks points out, these were prob- 
ably adenomata, as it is difficult to distinguish the 
two conditions. In fact in his first case he diag- 
nosed the condition of the pituitary as a sarcoma, 
until with further study and comparison with his 
other cases of the disease, he came to the conclusion 
that the growth was an adenoma. Further the long 
course of the disease, in many cases twenty or 
twenty-five years is not consistent with sarcoma, nor 
have metastases been described in any of the cases. 
The increased secretion of the prehypophysis in 
acromegaly is claimed by Brooks to act as a stimu- 
lus to the overgrowth of the connective tissue cells 
leading to changes in the vessels, overgrowth of 
bones, and enlargement of the viscera. 

The condition of arteriosclerosis with hyper- 
trophy of the heart can be explained on the theory 
of hypersecretion of the pituitary. As stated above 
the action of extracts of the posterior lobe of the 
pituitary on blood pressure is analogous to that of 
extracts of the suprarenal gland. Josue, Erb, Fisch- 
er, Klotz, and others, have shown that arterioscle- 
rosis of the aorta extending even to the peripheral 
vessels can be produced in rabbits by injections of 
adrenalin. If the supposition of Herring is correct 
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that the anterior or epithelial portion of the pitui- 
tary, body furnishes the secretion, the production of 
which is merely completed by the posterior part, 
where its full activity is acquired, then hyperplasia 
or adenomata of the anterior lobe, such as is found 
in acromegaly, would increase the secretion to be 
activated by the posterior lobe and passed on into 
the third ventricle. The increased secretion would 
cause a continued rise in blood-pressure which 
would eventually produce arteriosclerosis with sub- 
sequent hypertrophy of the heart. 

General Conclusions. — Enlargement of the heart, 
either simple or associated with a myocarditis, is 
the condition usually found in acromegaly. Scle- 
rosis of the arteries and degenerative lesions affect- 
ing the walls of the veins, with dilatation and sub- 
sequent obliteration of their lumen, are constantly 
present. These changes in the heart and vessels 
should be considered as much a part of the clinical 
picture as the changes in the bones, and they are 
probably due to the prolonged hypertension of the 
vessels, the result of hypersecretion of the pituitary 
body. 
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Perineal Herpes in a Case of Pneumonia in a Child 
Eight Months Old, 

By JOHN PHILLIPS, M. B., Instructor in Medicine, Western Reserve 
University, Cleveland 

Perineal herpes developing during the course of pneumonia 
is a very unusual condition. Among recent writers Osier' and 
Musser^ mention that it may occur. Samuel West^ quotes one 
case from the literature in which an herpetic eruption appeared 
about the anus during the course of a pneumonia. The actual 
percentage showing labial herpes, as given by different authors, 
varies from 14 to 43. Howard* thinks that the most reasonable 
explanation of the frequency of the • asal and labial herpes, is 
due to the marked passive congestion, which is so often present, 
affecting the Gasserian ganglion and was especially noticeable in 
one of the cases he reported. The same writer reports one case 
of pneumonia in which herpes was present in the mid-dorsal 
region on the left side, extending from the middle of the back to 
about the anterior axillary line, corresponding to Head's sixth 
dorsal area. Two days before death a similar eruption appeared 
in the left umbilical and iliac regions (eleventh dorsal area). 
Microscopic examination of the posterior root ganglion of the 
eleventh dorsal nerve showed hemorrhage, infiltration of round 
cells, and degeneration of the ganglion cells. No lesions were 
demonstrated in the posterior nerve roots, in the spinal cord or 
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2 Phillips — Perineal Herpes in Pneumonia 

f He 
in the peripheral nerves. He also found similar changes in 

Gasserian ganglion in a patient dying on the sixth day of acu e 
lobar pneumonia in whom there was a marked nasal and labia 
herpetic eruption. Cases have been described in which the herpes 
have developed upon the arm, the back, upon the cornea and upon 
the sternum. Wilson Fox, quoted by West, has observed a simi- 
lar rash upon the tongue, soft palate and tonsils. It usually ap- 
pears from the second to the fifth day, though it may be delayed 
until after the crisis. Because of the infrequency of perineal 
herpes the following case is considered worthy of report : ^ 

Ruth E., aged eight months, was admitted to Lakeside Hospital on the 
medical service of Dr Henry S. Upson, September 30, 1906, with a history 
of cough and fever. Her maternal grandmother had died of pulmonary 
tuberculosis. The baby had always been quite healthy with the exception 
of a cold in the head with some cough at intervals during the past four 
months, which was evidently due to the presence of adenoids. 

Present Illness. For the past three days the child has had fever and 
cough and has been breathing rapidly. She has refused her nourishment 
and has had some vomiting. The bowel movements have been normal. 
There has been considerable loss in weight. 

Physical Examination on admission showed the child to be quite well 
nourished and she did not appear to be extremely ill. The respirations 
were 60 to the minute and there was very active dilatation of the alae nasi. 
There was some suppressed cough and the expiration was accompanied by 
a grunt. A slight mucopurulent discharge from both eyes was noticeable. 
The ears, nose and throat were normal. The chest was well formed but a 
slight rosary could be felt. There was slight diminution in expansion over 
the upper part of the right side of the chest. Over this part the tactile 
fremitus was increased. On percussion there was marked diminution in 
resonance over the front and back of the upper part of the right side of 
the chest and here the breath sounds were bronchial in character, and 
towards the end of inspiration a few fine crepitant rales could be heard. 
The remainder of the right and the entire left lung were clear throughout 
to percussion and ausculation. The heart was normal in size and the 
sounds clear, but there was quite marked accentuation of the second 
•ound in the pulmonic area. 

The abdomen was normal. There was no edema of the shins and the 
reflexes were normal. The leukocytes numbered 22,300. 

The child was given the usual treatment of abundance of fresh air, 
and stimulation with strychnin and whiskey when indicated. The tem- 
perature began to fall by lysis after the seventh day of the disease. The 
temperature varied from 102° to 103.5° and at times the child was quite 
cyanotic. The urine showed a slight febrile albuminuria. 

On the third day after admission a marked herpetic eruption ap- 
peared upon the perineum to the left of the median line, extending for- 
wards to the posterior part of the labia majora and partially encircling the 
anus (Fig. 1). Two days later the vesicles were mostly replaced by 
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yellowish crusts. In the course of a week the crusts had nearly all dis- 
appeared, leaving an area covered with dusky red papules. According to 
Gushing the area aflfected would correspond to a lesion of the posterior 
root ganglion of the fourth, possibly fourth and fifth, sacral nerves. The 
child made a very good recovery. 

It was not until 1861 when the classical paper of Von 
Barensprung" first appeared that herpes zoster was considered 
to be definitely of nervous origin, and from the results of post- 
mortem examination he located the lesion in the posterior root 
ganglion. Until the publication of the admirable paper of Head 
and Campbell" in 1900 there were only two well reported autopsies 




Fig. 1. 
on cases of herpes zoster in the trigeminal area, one by Wyss' 
in 1871, the other by Sattler' in 1875. The former found ex- 
travasation of blood into the inner aspect of the Gasserian gang- 
lion, and into the beginning of the first division of the trigeminal 
nerve, accompanied by a purulent inflammation pushing the 
ganglion cells apart. In the case of Sattler, a man aged 85, a 
few days after he was poisoned by carbonic oxid gas, developed 
herpes ophthalmicus. Death occurred 14 days afterwards and 
the Gasserian ganglion was found to be infiltrated with round 
cells, and there was marked destruction of the ganglion cells. 
Until 1900 there had been five satisfactory reports on abster of 
the trunk — Lesser,* three excellent cases; Chandelux,^" one case; 
and one thoroughly studied case by Dubler.^^ These all showed 
changes in the posterior root ganglia corresponding to the area 
afifectcd. 
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Head and Campbell studied 21 cases of herpes zoster in 
different stages of the disease and associated with various clinical 
conditions. In a few of these the herpetic eruption was in the 
distribution of the fifth nerve, the others corresponded to seg- 
ments at various levels of the spinal cord. The pathologic 
changes they found may be described under five different 
headings : 

(1) Changes in the ganglion of the posterior root: Here 
they found an extremely acute inflammation with exudation of 
small, deeply staining, round cells; extravasation of blood; 
destruction of ganglion cells and fibers and inflammation of the 
sheath of the ganglion. The lesion was always situated in the 
dorsal aspect of the ganglion, i. e., in that portion opposed to 
the anterior root. If not severe the inflammation may pass away, 
leaving no recognizable, change in the ganglion, but in the severer 
cases permanent changes in the way of scarring, which occupy 
from one-sixth to one-half of the ganglion, remain. Within this 
area all the ganglion cells are destroyed and no structure remains 
to show where they once existed. In a few cases, occasionally 
healthy ganglion cells may be seen scattered here and there 
throughout the scar tissue. Over this scar the sheath of the 
ganglion is considerably thickened. 

(2) Changes in the posterior nerve roots: From 10 to 11 
days after the eruption first appears changes are demonstrable 
in the posterior nerve roots. The degeneration here is of the 
usual acute type, with disintegration of the myelin sheath, and 
if the process is severe fibrous tissue may take the place of the 
nerve fibers that have been destroyed. If the lesion has been 
mild the products of acute destruction may disappear leaving no 
recognizable changes. In one case, however, well marked 
sclerosis, affecting one-half of the posterior nerve root, could be 
detected as late as 272 days, and in another case 790 days after 
the disappearance of the eruption. 

(3) Changes in the peripheral nerves: The changes in the 
peripheral nerves probably begin about the same time as the 
degeneration in the posterior nerve roots and show the same 
disintegration of myelin sheath and subsequent sclerosis. Both 
anterior and posterior primary divisions are affected, but the 
number of degenerated fibers is always greater in the latter. 
The sclerosis once established is permanent and has been shown 
to exist as late of 790 days after the herpes had disappeared. 
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(4) Changes in the spinal cord: If the cells of the posterior 
root ganglion are destroyed experimentally we get an acute de- 
generation of those fibers, which, entering the spinal cord by the 
posterior root, pass upwards in the posterior columns. Thus, in 
the inflammatory lesions of the ganglion with destruction of its 
cells we see a corresponding degeneration of the fibers in the 
posterior columns, and in cases in which the eruption is on the 
arm, the degeneration can be followed up to the nucleus cuneatus. 
The degeneration in the spinal cord appears about the ninth or 
tenth day after the eruption, and if the lesion is extensive the 
nerve fibers may be replaced by fibrous tissue. 

(5) Changes in the skin and glands: A section made through 
an unruptured vesicle of herpes zoster shows a cavity, the floor 
of which is formed by naked papillae. These are in a condition 
of profound inflammation and are infiltrated with masses of 
deeply staining round cells. The vesicle is split into incomplete 
cavities by septa, extending from the roof of the floor. The 
cavity is filled with fluid which coagulates into a somewhat granu- 
lar hyaline mass. The lymphatic glands in the neighborhood of 
the herpetic eruption enlarge and become quite tender. 
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Wright's Vaccine Therapy, with Report of Cases 

By L. W. LADD, M. D., and H. C. RUSS, M. D., Cleveland i 

About six years a^o, Wright, of London, first proposed a 
new treatment of certain infectious diseases by bacterial inocu- 
lation. This caused a great deal of discussion, but did not arouse 
widespread interest in America until three or four years later. 
The work reported here was undertaken with three ends in view : 
to test the efficiency of this treatment ; to test the accuracy of 
Wright's method of ascertaining the opsonic index ; and to deter- 
mine whether or not the estimation of the index was necessary 
for carrying out the treatment. 

Perhaps it might be well to say just a word about the 
original technic that Wright advocated. His whole theory rests 
upon the assumption that for phagocytosis the presence of blood 
serum — or at least a certain substance in the serum — is necessary. 
He proved this experimentally, and devised a method for measur- 
ing the quantity of this substance in the serum. This method he 
.describes essentially as follows : A certain amount of blood, col- 
lected in sodium citrate solution to prevent coagulation, is 
centrifugalized until the red cells lie at the bottom of the tube and 
the majority of the leukocytes form a cream-like layer on top 
of them. The supernatant citrate solution, containing most of 
the plasma, is removed and the corpuscles washed with salt 
solution till all the plasma has been removed. Next he makes 
a suspension of the organism in question, in salt solution. Lastly, 
he secures some of the patient's serum. Proceeding to make the 
determination he measures equal volumes with a capillary pipette 
from each of these three solutions, viz : one volume of corpuscles 
from the leukocytic cream, an equal volume of the bacterial 
suspension, and an equal volume of the patient's serum. These 
three volumes are mixed thoroughly, and finally the whole amount 
is taken up into the pipette and the end of this sealed in the flame. 
The whole process is then repeated with the one difference of 
using normal serum in place of the patient's serum. The two 
pipettes are then incubated together for 15 minutes after which 
slide preparations are made from each. The number of bacteria 
contained in, say, 100 leukoyctes from each pipette are then 
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counted under the microscope. The two preparations are 
identical, except that in one pase the patient's serum is used and 
in the other a normal serum; therefore, the count establishes a 
direct ratio between the power the patient's serum has to cause 
phagocytosis and that of normal serum. 

This technic and the results obtained have been called in 
question a great deal. A priori, a number of things suggest them- 
selves as possible sources of error. First, measuring.^ The 
accuracy of drawing out the fine pipettes may be uncertain. So, 
heavy barometer tubing was employed and the pipettes standard- 
ized carefully with mercury under a magnifying lens. Secondly, 
the taking of equal volumes assumes a perfectly uniform suspen- 
sion of both corpuscles and bapteria. In order to ensure this, the 
red and white corpuscles are thoroughly mixed again, after 
washing away the plasma, and probably a more even distribution 
of leukocytes thus obtained. In the case of the bacteria, the 
clumps are broken up by shaking the suspension with glass beads, 
like that in the mixing chainber of a blood-counting pipette, and 
the suspension then reduced to the requisite thinness by centri- 
fugalization. Third, a further point in which it seemed as if the 
old technic might be at fault was, that while the contents of the 
pipette containing the normal serum was being mixed the other 
was lying at one side at room temperature. This would probably 
induce a certain amount of phagocytosis. More certainly, after 
incubation, phagocytosis would go on in one pipette, warm as it 
would be from the incubator, during the time the slide prepara- 
tions were being made from the other pipette. To avoid this, a 
dish of cold water is provided into which the unused pipette is 
plunged while the other is being manipulated. Fourth, Wright 
himself mentions the difficulty encountered from the iso-agglutina- 
tion of the red corpuscles by certain sera. It is hoped that this may 
be avoided by the use of unusually fine capillary pipettes for incu- 
bation, so that the serum will still come into fairly uniform contact 
with all the bacteria, even if a slight agglutination takes place. 
This has not yet been fully worked out. To sum up — this technic 
has differed from Wright's in the following particulars: 

(1) Adoption of measuring pipettes standardized by mercury; 

(2) Additional attention to the obtaining of uniform suspensions 
of corpuscles and bacteria; (3) Instantaneous stopping of incu- 
bation by cold water immersion when pipettes are removed from 
the incubator; (4) Fine capillary tubes for incubation. 



Ladd and Russ — Wright's Vaccine Therapy 3 

Just a word as to results. There are 376 indices in this 
series. Of these, 48 must be disregarded as not having any check 
upon them. Of those that did have a check upon them, 334 
checked up well, some to the third decimal place; 104 did not. 
These figures include indices done before the technic was modified, 
and of those more than 60% failed to check. In attempting to 
check the work, four separate determinations were made each 
time an index was done. There being two workers, each one 
made two determinations, thus checking both the other's results 
and his own. It was considered a check when the results tallied 
to within one in the first decimal place. 

In the preparation of the vaccines themselves no changes 
have been made except to irLclude glass beads in the bottle to 
facilitate even distribution of bacteria by shaking. A salt solution 
suspension of the bacteria is made and sterilized by heat — 
60°-65° C. for an hour. This vaccine is first standardized by mix- 
ing a minute volume of it with an equal volume of normal blood. 
From the mixture slide preparations are made, and 1000 red cells 
counted under the microscope aided by an Ehrlich's eyepiece. 
The number of bacteria met with during this counting is also 
noted. This establishes at once the ratio of bacteria to red blood- 
cells and as the number of red cells per c. p. is known the 
approximate strength of the vaccine — i. e., the number of organ- 
isms it contains per c. c. — may be figured at once. 

In the following report of cases it will be impossible at this 
time to give more than the briefest summary of our experiences 
with bacterial vaccines. In order of frequency, the microorgan- 
isms used were, Staphylococcus albus and aureus, gonocopcus. 
Bacillus coli, and streptococci. We have not attempted to work 
with Bacillus tuberculosis on account of the difficulty in making 
even emulsions for the determination of the opsonic index and 
because of the time required before clinical improvement could 
be noted. For purposes of convenience the cases treated will be 
classified according to the microorganism isolated from the 
infectious processes. 
Staphylococcus albus infections. 

Acne : Altogether we have treated 38 cases of acne. These 
for the most part were not mild cases, but the patients had tried 
the various lotions, operative measures, etc., at the hands of 
various physicians, and had been sent as a last resort to receive 
vaccine treatment. 

Varying results have been reported by dififerent observers as 
regards the efficiency of staphylococcus vaccine in the treatment 



4 Ladd and Russ — Wright's Vaccine Therapy 

of this disease, and the consensus of opinion seems to be that 
while marked improvement often results, nevertheless the acne 
is not permanently cured. 

This should have been expected when one realizes that the 
disease is, in all probability, primarily due to a bacillary infec- 
tion and secondarily due to a staphylococcic infection. Unna, 
Gilchrist and others have called attention to the fact that in the 
earliest lesions of acne the acne bacillus is found, usually in 
pure culture. Later on, however, when pustulation occurs, these 
bacilli may still be present in large numbers in pure culture, in 
small numbers and disintegrating together with the staphylo- 
coccus or the staphylococcus alone may be present. It would 
seem unreasonable to expect to control, by the use of Staphylopoc- 
cus albus vaccine alone, anything more than the staphylococcic part 
of the infection. We have been able to corroborate Gilchrist's 
findings as regards the bacillary nature of acne and have never 
failed to find the Bacillus acnei in the pultaceous material 
expressed from the primary acne pimple. Examination of smear 
preparations made from blackheads taken from nearly 100 differ- 
ent individuals again confirms the statement that these bacilli 
are present in large numbers and in practically pure culture, 
staphylococci being present only when pustule formation develops, 
and by no means always present then. Again the opsonic index 
to Staphylococcus albus in early, though marked, acne is as a 
rule nearly normal, being usually .8 or .9. When marked pustula- 
tion is present and secondary infection with Staphylococcus albus 
takes place the index may become very low to Staphylococcus 
albus. 

Reasoning on this basis that acne is, as a rule, a combined 
infection, we have treated it as such, using a combined bacillary 
and Staphylococcus albus vaccine with results which are most 
encouraging when one considers the class of cases treated. 
Unfortunately it is most difficult to cultivate the Bacillus acnei 
in amounts suitable for making vaccine and it is practically 
impossible to obtain autogenous vaccine in most cases. We, 
therefore, have used a stock bacillary vaccine and, when possi- 
ble, an autogenous Staphylococcus albus vaccine, with the result 
that six cases are apparently cured, nine cases markedly improved 
and two cases unimproved. In these last two cases we were 
unable to get any growth though pimples were repeatedly opened 
and icoverslip preparations showed the presence of the Bacillus 
acnei in pure culture. Five cases show definite improvement and 
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are still taking treatment, though it is too soon to speak with 
any degree of positiveness as regards the ultimate outcome. Six 
cases did not come for treatment with any degree of regularity 
and, after receiving a few doses of ^vaccine, failed to continue 
treatment and so can not be considered in this report. 
Staphylococcus aureus. 

Furunculosis : We have treated seven cases with most 
gratifying results in all. Staphylococcus aureus was the organ- 
ism isolated in each instance and autogenous vaccine was prepared 
for each case. 

One patient who had been for two years the subject of 
chronic furunculosis, the boils having appeared with great 
regularity every two or three weeks, received prompt and perma- 
nent relief following the first dose of vaccine. Treatment was 
continued, however, for several weeks in order to guard against 
a possible relapse, with the result that no more boils have 
appeared, over a year now having elapsed since the last treatment. 

A discharging sinus following infected inguinal glands with 
chronic leg ulcer and furunculosis of six months standing, from 
all of which lesions Staphylococcus aureus was isolated, yielded 
promptly to vaccine therapy. In a case of Ludwig's angina, from 
which at operation Staphylococcus aureus was obtained in pure 
culture, the brawny induration subsided and marked clinical im- 
provement was noted, complete recovery following one dose of 
autogenous vaccine. 

Two cases of sycosis barbae non-parasitica were treated with 
mixed vaccines, with slight improvement in one case, though little 
benefit was noted in the other. 

Gonococcus. 

In 11 cases of gonococcus arthritis, in which stock vaccine 
was used, it was our own opinion, as also that of other physicians 
who followed the cases, that the improvement was more rapid 
and satisfactory with vaccine therapy than without it. In several 
cases of posterior urethritis, in which the patients had sensations 
of heat and discomfort, relief was obtained from the symptoms 
following the use of gonococcus vaqcine though the shreds in 
the urine persisted. 

In two of three cases of gonorrheal vaginitis in children 
the discharge promptly ceased when vaccine therapy was tried. 
In the third case improvement was noted but not a cure. 
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Streptococcus. 

In two cases of endocarditis a diplococcus was isolated 
resembling that described by Poynten and Paine as the pause of 
acute articular rheumatism and malignant rheumatic endocarditis. 
Following the use of small quantities of a vaccine made from this 
microorganism, in one case marked relief of pain in the joints 
resulted and twice, following the use of the vaccine, the tempera- 
ture fell to normal and remained normal for nearly 48 hours 
afterwards, though the temperature had been septic in character 
previous to vaccine therapy and again became so subsequently. 
No permanent improvement was obtained but simply enough 
to suggest the possibility that perhaps, if resorted to early enough, 
vaiccine therapy might be of great value in the treatment of this 
otherwise unsatisfactory condition. 

In two cases of arthritis deformans the urine contained large 
amounts of indican and in one of these cases the patient had 
experienced such great relief from joint pains when suffering 
from ptomaine poisoning with an associated gastro-enteritis, that 
it seemed worth while to investigate the intestinal flora with a 
view of determining whether any organism was present which 
might bear some etiologic relationship to the joint condition 
present. We were somewhat surprised to find a streptococcus 
present in large numbers in both instances. The patients' opsonic 
indices were normal to Bacillus coli, but increased to this strepto- 
coccus. A vaccine was then prepared and administered in small 
doses to both patients. At times there seemed to be some relief 
ascribable to injections but nothing definite can be stated at this 
time as regards improvement. 
Bacillus coli. 

Eight cases of infection of the urinary tract with Bacillus 
coli communis were treated with autogenous vaccine with marked 
benefit so far as the general condition of the patients was con- 
cerned. One woman, afflicted with pyelocystitis, had been 
catbeterized at regular intervals both day and night for months 
owing to her inability to pass urine voluntarily. After the third 
injection of vaccine the urinary condition had so far improved 
that micturition was accomplished in normal fashion and the 
urine was freed from the large amount of pus previously present 
though it was still definitely turbid. The mental condition of 
this patient, manifestly hypochondriacal when she was first seen, 
was markedly improved. A little girl was admitted to Lal<eside 
Hospital with cystopyelitis, clinically resembling typhoid fever. 
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Following the first dose of vaccine she had a normal temperature 
and rapidly regained her customary good health. 

In one case of bacilluria of seven years' standing no improve- 
ment was obtained by the use of urotropin. Vaccine therapy 
was employed with marked though not absolute clearing of the 
urine. Urotropin was again resorted to and still further improve- 
ment was noted. At present the condition is somewhat variable, 
at times the urine being quite clear and then again moderately 
turbid though definite progress toward recovery has been made. 

Marked improvement in the general condition of the patient 
with a lessening of purulent discharge and lowering of the septic 
type of temperature has followed the use of autogenous vaccine 
in the following cases: Subphrenic abscess following ruptured 
appendix. Localized peritonitis subsequent to appendiceal 
abscess formation. Pyelocystitis associated with stone in the 
kidney. Pyelocystitis : in this last case one kidney had been 
removed for an infected malignant growth. 

From this brief summary of our cases we think we are 
justified in concluding that, undoubted benefit can be obtained in 
selected cases by the judicious use of so-called bacterial vaccines. 
The results in chronic furunculosis are most satisfactory. Most 
cases of acne are strikingly improved if not actually cured. The 
marked improvement in the patient's general condition in infec- 
tions of the urinary tract with Bacillus coli communis, together 
with a more clear if not entirely clear urine, makes it worth while 
to use vaccine as an adjunct at least to other methods of treat- 
ment and especially so if urotropin fails to give satisfactory 
results. The use of vaccines is helpful also to the surgeon in the 
postoperative treatment of suppurative abdominal and other con- 
ditions. Autogenous vaccines should be employed when possible 
because the results are more satisfactory, and particularly when 
dealing with infectious processes due to Bacillus coli and strepto- 
cocci, as there are so many different strains of these organisms. 
As regards dosage, each patient is more or less an experiment in 
himself. The smallest dose that will give therapeutic results is 
the one to use and it should be continued for as long a time as 
definite improvement is noted. When the improvement lags, an 
increase in the size of the dose or in the frequency of injection is 
usually indicated. Probably some of the bad results obtained 
with opsonic therapy can be satisfactorily explained on the 
assumption that too large doses were used. 
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Formaldehyde Poisoning — "With the Report of a Case. 

By JOHN MacLACHLAN, M. B., Resident Physician, Lakeside Hospital, 

Cleveland. 

Formaldehyde has become so commonly used as a germicide 
and disinfectant and is so readily obtainable that cases of poison- 
ing, accidental or otherwise, from the ingestion of its solution 
might be expected to occur with some frequency. The catalog 
of the Surgeon-General's Library and the Index Medicus, to date, 
give references, however, to only 10 such cases, four of which 
were fatal ones. 

In presenting the report of the case which came under the 
writer's observation it has seemed desirable to review this litera- 
ture and with the data available attempt to sketch the symptoma- 
tology of formaldehyde poisoning. The previously reported 
cases, with the present one, 11 in all, are as follows: 

Case 1. ANDRE'— Recovery : 

Female, took one drachm of a 40% solution of formaldehyde in mistake 
for tonic. Had immediate, severe, abdominal pain. Within five minutes 
after taking the poison was given several teaspoonfuls of acetate of am- 
monia, then an emetic. Had only slight epigastric discomfort, which 
disappeared in two days. 
Case 2. BOCK'— Fatal : 

Imbecile male, aet. 26, drank three ounces of a 40% solution of formalde- 
hyde. Immediately vomited blood-tinged mucus and had severe epigastric 
pain. Demulcents and apomorphin given at once, with free emesis. Con- 
t'nued weak and vomited repeatedly. Sixteen hours later pulse first 
weakened. In statu quo until the twenty-ninth hour when the heart failed 
rapidly until the thirty-second, when cyanosis, coma and death occurred. 
Autopsy showed marked erosion of the lower end of the esophagus. The 
stomach wall and duodenum were very much congested and cut like 
leather. Microscopic examination not made. Other findings not abnormal. 

Case 3. PALMER'— Fatal : 

Male, aet. 29, invited a friend to drink with him. The friend, who 
had just finished a meal, took whiskey and a little water (which turned 
out to be formaldehyde in a soda-water bottle) ; he had severe pains and 
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vomited immediately but suffered no ill effects. The patient, who had 
not eaten for six hours, took a small amount of whiskey and filled his 
eight-ounce tumbler out of the same bottle; intense abdominal pam and 
collapse followed. When admitted to the hospital he was tender over 
the epigastrium, vomited blood-tinged fluid, was slightly delirious and had 
a marked feeling of constriction of the throat. He was given a dilute 
solution of ammonia followed by demulcents. Next day his mind was 
wandering but he was in no special pain. Two days' later he became 
markedly delirious, noisy and at times maniacal. During one of these 
attacks his pulse failed, his breathing became shallow and his heart 
stopped. Autopsy showed the blood everywhere dark colored and fluid, 
mucous membrane of the lower end of the esophagus and the gastric 
mucosa tanned and parenchymatous organs somewhat congested. 
Case 4. BOSE*— Fatal: 

Male, aet. 47, was intoxicated and drank three ounces of a 40% solution 
of formaldehyde. Found shortly after unable to speak, with hands on 
abdomen and apparently in great pain. Did not vomit before admission 
to hospital. After lavage was able to talk rationally. Started to vomit 
almost at once and continued all that night, the vomitus being blood- 
tinged. Patient gradually sank but developed no other symptoms and died 
next day, 13 hours after the ingestion of the poison. Autopsy showed 
the esophageal and gastric mucosa intensely congested, as was the small 
and large gut. Some slight changes in the parenchymatous organs. 
Case S. KLUBER° — Recovery: 

Alale, aet. 47, was thought to have had an apoplexy. Remained un- 
conscious 11 hours. It was found that a large dose of formaldehyde had 
. been taken in mistake for Apenta water. Was delirious at times for the 
next 24 hours and complained, when aroused, of sore throat, headache 
and lacrimation. Had an anuria for 19 hours. Was given lavage and 
copious draughts of alkaline waters. Recovery in two days. 
Case 6. ZORN" — Recovery: 

Male, aet. 44, drank IS c. c. of a 40% solution of formaldehyde in mis- 
take for water. At once drank a tumbler of milk. Violent retching and 
vomiting followed with dyspnea, vertigo and severe gastric pain. Lavage 
administered at once. Collapse followed, with an anuria for 24 hours. 
During second day there was violent tenesmus, diarrhea and some epigas- 
tric discomfort. Recovery complete in four days. 
Case 7. ZERLACH'— Recovery : 

Female, aet. 21, swallowed some 60-70 c.c. of a 35% formaldehyde 
solution that had been given her to dilute and use as a douche. Found 
unconscious and aroused with great difficulty. Stomach washed out. 
Stuporous for IS hours. Anuria for 12 hours. Ne.xt day complained of 
vertigo and had an offensive diarrhea. Urine showed formalin and 
albumin. Recovered by third day. 
Case 8. LENISON"— Fatal : 

Male, aet. 60, while intoxicated took three ounces of a 40% solution 
of formaldehyde. Was found writhing in pain and unable to speak. Did 
not vomit even after 3/10 gr. of apomorphin. Lavage attempted but the 
tube could not be passed on account of spasm of the pharynx. Died of 
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cardiac failure in 29 minutes after taldng the poison. Autopsy showed the 
esophagus, stomach and small gut literally "hardened." 
Case 9. HUMPSTONE & LINTZ»— Recovery : 

Female, aet. 33, was given a pint of 12.5% solution of formaldehyde 
as a colon irrigation in mistake for a weak silver nitrate solution. She 
first complained of severe burning in the rectum. Pain in the abdomen, 
pallor and cardiac arrhythmia followed rapidly and the patient went into 
collapse. Stimulants and saline enemata improved the condition. Violent 
diarrhea with tenesmus and vomiting supervened. Anuria for 24 hours. 
Urine showed blood and casts. Vomitus contained blood. Crradual re- 
covery in two weeks. 

Case 10. BOWER'"— Recovery: 

Female, aet. 20, swallowed half an ounce of commercial formalin. 
Seen in 20 minutes, when she was not complaining of any pain. Gastric 
lavage was immediately done and she collapsed. Afterwards she com- 
plained of pain in the throat. Vomited blood-tinged material. Patient 
lay in a stuporous state for 36 hours and gradually recovered within 
seven days. No kidney disturbance. 
Case 11. MACLACHLAN— Recovery : 

The patient, a small boy, three years old, was admitted to Lakeside 
FIcspital, October 19, 1908, under the care of Dr J. H. Lowman. 

He had been given a tumbler of 40% formaldehyde in mistake for 
Poland Spring water and after taking one swallow, choked, but his 
father, thinking that it was the boy's usual distaste for water, insisted 
that he drink more. The patient attempted it again when he was seized 
with a violent coughing and choking spell and fell unconscious at his 
father's feet. When seen in the accident ward some 20 minutes later, he 
was still unconscious with a pulse of 160 and respirations 45. Before any 
attempt was made to give any treatment the patient vomited several 
ounces of mucus that smelled very strongly of formaldehyde. 

Gastric lavage was at once performed with water, followed by milk, 
eggs and several pints of olive oil. He immediately regained consciousness 
and complained of pain in his stomach and a sore moutth. On examina- 
tion the buccal mucous membrane was intensely red and the lips, tongue 
and pharynx were covered with greyish eroded patches. There was also 
a marked salivation. When he was later admitted to the ward, he was 
given strychnin sulphate, gr. 1/60, q. 4 h., and normal saline enemata 
by the drop method. In the evening the temperature was 103.5 F,, pulse 
140, respirations 38, leukocytes 7800, hemoglobin 95%. 

Oct. 20, 1908 : Patient vomited mucus repeatedly all night, but had 
only one stool which had a marked odor of formaldehyde. Urine voided 
during the night showed an acid reaction, a slight trace of albumin, no 
casts or blood, but a marked trace of formic acid was present according 
to Liebermann's phenol test. 

Oct. 21, 1908 : Temperature 100° F., pulse 120, respirations 24. Con- 
dition improved, no diarrhea or nephritis. Stool and urine both showed 
formaldehyde. Patient was quite comfortable and took milk by mouth, 
although he complained of some pain on swallowing. 

Oct. 22, 1908: There was no trace of formic acid or albumin in 
the urine. Swallowing was still painful, but the condition was such that 
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the child was taken home by the parents and made an uninterrupted 
recovery. 

Reviewing the toxic symptoms presented in the reports of 
these cases, epigastric or abdominal pain, immediate and severe, 
was the most constant initial symptom, as in all irritant poisonmg. 
followed by repeated vomiting of blood-stained mucus. Rapid 
loss of consciousness occurred in three of the cases, all of which 
recovered. Kluber's patient remained unconscious for 11 hours 
and was at first thought to have had an apoplectic stroke. Bower's 
patient lay in a stuporous state for 36 hours. One of the fatal 
cafes, a man of 60, died in 29 minutes after taking three ounces 
of formalin when intoxicated, and though there v/as great pain 
and collapse, consciousness was apparently preserved. Sudden 
death from the ingestion of formalin was found by Fischer" and 
other investigators to occasionally occur in animals, and the 
tormer especially notes the fact that "formalin belongs to that 
rare class of poisons which are capable of producing death sud- 
denly when swallowed." In the other three fatal ca;es death 
supervened in from 13 to 48 hours with rapid, irregular pulse, 
sighing and shallow respiration, delirium, collapse and coma. 

In the cases that recovered, besides the epigastric pain and 
the frequent blood-stained vomiting of material smelling at first 
strongly of formaldehyde, there was marked prostration and col- 
lapse ; the skin was pale and covered with cold clammy perspira- 
tion ; the pulse was weak and irregular. Loss of consciousness, 
as previously noted, occurred in three of the seven cases and 
stupor and mild delirium in others. In all but three of the cases 
there was suppression of urine, not apparently dependent on the 
strength or quantity of the formalin solution ingested, the anuria 
lasting from 12 to 24 hours. Blood and casts were sometimes 
found in the urine and the presence of formic acid was determined 
in several instances. Diarrhea and tenesmus occurred in three 
of the cases. In that of the child observed at Lakeside Hospital 
the stools had a marked odor of formaldehyde. Complaint of 
sore mouth and difficulty in swallowing was common. Lacrima- 
tion was once noted. 

The postmortem examinations of the fatal cases disclosed 
eschars of the buccal mucosa and pharynx; marked esophageal 
erosions ; an extremely acute gastritis, with the stomach wall seem- 
ingly tanned into a leather-like consistency; besides various par- 
enchymatous changes in the liver and kidneys. In the face of 
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these findings and of the severity of the symptoms present in the 
non-fatal cases one is struck by the rapidity of recovery. .All 
the cases reported were well within a week except case No. 9 
in which the formalin was taken by enema and the resulting 
diarrhea was especially severe. 

The fatal dose in three of the cases was in each, three ounces 
of formalin ; in the fourth, a probably much larger but uncertain 
quantity was taken. In the cases that recovered the dose varied 
from one drachm to 60 c. c, the latter being the case of a young 
woman. 

The diagnosis of formaldehyde poisoning should be readily 
made early by the smell of the vomitus or of the material washed 
from the stomach. The stools may also have a strong formalde- 
hyde odor, and formic acid is present in the first urine secreted. 

As to treatmoit all authorities agree that formaldehyde is 
readily and quickly absorbed, no matter how introduced 
into the body, so that one must act quickly. Lavage with 
large quantities of water, followed by demulcents were used 
in nine of the cases. Sollmann" and Andre both strongly advocate 
the administration of diluted ammonia, or any of the ammonium 
salts, as a chemical antidote as it destroys the local action of the 
formaldehyde at once. Andre advises the use of ammonium ace- 
tate and in his case complete amelioration of the symptoms oc- 
curred after the administration of half an ounce of ammonium 
acetate, with recovery in two days. The excess of ammonia and 
the resulting compounds should be removed by emetics or lavage. 
Stimulants, anodynes and bland diet are required and other symp- 
toms should be treated as they arise. 

I wish to thank Dr E. F. Gushing for placing all of the lit- 
erature at my disposal and Dr T. Sollmann for much valuable 
data. 

References. 

1 Andre: Jour, de Pharm. et de Chem., Paris, 1899, Vol. X, pp. 10-13. 

2 Bock: Fort Wayne Medical Journal, Vol. XIX, p. 249. 

3 Palmer : Australian Medical Gazette, 1906, Vol. XXV, p. 18a 

4 Bose: Indian Medical Gazette, Calcutta, 1905, Vol. XL, p. 139. 

5 Kluber : Miinch. Med. Wochensch., 1900, Bd. XLVII, S. 1416. 

6 Zorn : Miinch. Med. Wochensch., 1900. Bd., XLVII, S. 1588. 

7 Zerlach : Miinch. Med. Wochensch., 1902, Bd. XLIX, S. iS02. 

8 Lenison : Jour. A. M. A., 1904, Vol. XLII, p. 1492. 

9 Humpstone and Lintz : Jour. A. M. A., 1909, Vol. LII, p. 380. 

10 Bower: Jour. A. M. A., 1909, Vol. LII, p. 1106. 

11 Fischer: Jour, of Experimental Medicine, 1905, Vol. VI, p. 487. 

12 Sollmann : Textbook of Pharamacolosry. 

13 Tomassi-Crudelli : Allg. Wien. Med. Zeit, 1906, Vol. LI, pp. 49, 61, 71. 



THE NOSE AND NASOPHARYNX IN INFANTS AND 
YOUNG CHILDREN.* 

BY J. il. INGERSOLI., M. D., CLEVELAND. 

The shape and the relative size of tlie nose and the naso-pharynx 
change very mucli between the time of their development in the 
embryo and their permanent form later in life. The changes which 
take place in these structures in infants and young children have a 
decided influence upon the pathological conditions which may de- 
velop in the nose and nasopharynx and make any kind of obstruction 
in these regions a much more serious matter in young children than 
in adults. 

The Dci'clopment of the Nose and Nasopharynx. 

The nose is primarily a special sense organ. In man, however, 
its respiratory function has become even more important than the 
olfactory function. The evolution of the organ of smell may be 
epitomized in the statement that the olfactery epithelium is a patch 
of infolded ectoderm with highly specialized cells which are brought 
into relation with the central nervous system by means of the out- 
growth from the latter, of the olfactory lobe. 

Early in intra-uterine life the olfactory plates appear just above 
the oral fossa and owing to the rapid outgrowth of the surrounding 
tissue these plates become relatively depressed and form the nasal 
pits (about the twenty-eighth day). The nasal pits are separated 
from each other by a broad mass of tissue, called the naso-frontal 
process, which thickens along its lateral margins and forms the 
globular processes (Fig. i). At the same time the lateral nasal 
processes bud out from the nasofrontal process, above the nasal 
pits and growing downward form the external boundaries of the 
pits. Inferiorly the pits are directly continuous with the oral 
fossa. 

About the end of the sixth week the nasofrontal process is joined 
on each side by the united maxillary and the lateral nasal processes 
and the nasal pits are thus shut off from the oral fossa. The 
orifices of the nasal pits form the anterior nares and the pits have 
become short canals opening through their deep orifices, the pos- 
terior nares, into the primitive mouth cavity behind the maxillary 
processes. 

•Rf-ad before the American Laryngological Society, Boston, Mass., 
June 1. 1909. 
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The nasal fossae are widely separated by the broad nasofrontal - 
process but during later development this process narrows down 
to form the septum and is gradually elevated above the surface of 
the face. As the nasofrontal process grows narrower, the globular 
processes are brought nearer together and fusing in the median line, 
form the premaxillae and the middle third of the upper lip. Dr. 
H. P. Mosher has shown that the irregular development of the pre- 
maxillae is one of the important factors in causing deviations of 
the nasal septum. The palatal shelves grow toward the median 




Fig. 1. Face of embryo of 8 mm. (enlarged from His.); m. x. p., Max- 
illary process; n. p., nasal pit; o. s., oral fossa; p. g., processus globularis; 
1. p., lateral nasal process. * 

line and uniting' with each other and with the nasofrontal process 
prolong the nasal fossae posteriorly so that at the end of the third 
month the posterior nares open into the nasopharynx instead of the 
mouth. 

At least three and sometimes four or five folds of the ectodermic 
lining on the external lateral walls of the nasal fossae project hori- 
zontally inward and form the maxillary and ethmoidal turbinates. 
Each fold contains a fold of mesodermic tissue which develops into 
cartilage and later into bone. 

The maxillary sinus is formed during the third month by an 
evagination on the lateral wall of each nasal fossa, between the 
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maxillar)' and ethmoidal turbinates. The ethmoidal, frontal and 
sghenoidal sinuses are formed later and the last two are no*' com- 
pleted until after birth. 

Very early in the development of the nose a small invanymation 
appears on each side of the median wall of the nasal pits. During 
the fourth month, this becomes a small pouch in the septum ending 
biimlly posteriorly. This is the rudiment of Jacobson's organ which 
in macrosmatic animals is much more highly developed, communi- 
cates with the mouth and contains olfactoi-y cells, connected, with 
the olfactory lobes of the brain. In the lower animals its function 




Fig-. 2. Section sliowing tlie left nasal fossa, nasopharynx and pharynx 
of a foetus about the twelfth week. In this specimen there are only two 
ethmoidal turbinates — the agger nasi shows quite distinctly as a prolonga- 
tion forward of the ethmoidal turbinate. 

probably consists in bringing the food in the mouth under direct 
control of the olfactory nerve. 

foetus, about the twelfth week, Figure 2. The length of the 
nasal fossa in a foetus three months old is about 1.4 cm., its 
height about 0.7 cm. The length of the nasopharynx is about 1.3 
cm. and its width between the Eustachian openings, is about 0.3 
cm. The floor of the nose is quite straight and slopes downward 
slightly. The maxillary turbinate shows distinctly as a shelf-like 
process and touches the nasal floor lightly. The ethmoidal turbin- 
ates are well developed and are situated relatively more posteriorly 
in the nasal fossae so that their anterior ends are about over the 
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middle of the maxillary turbinates and their position thus corre- 
sponds more closely to the position of these structures in some of 
the lower animals. 

The choana is nearly round, its transverse diameter being slightly 
greater than the perpendicular. The nasopharynx extends down- 




Fig. 3. Longitudinal section, showing tlie left nasal fossa, nasopharynx 
and larynx of a six-months old foetus; a — adenoid tissue. The maxillary 
turbinate is well developed; four ethmoidal turbinates can be seen; the 
nasopharynx contains quite a large mass of adenoid tissue; the inferior 
border of which extends down below the opening of the larynx. 

ward and backward from the nose and is only very slightly curved. 
The opening of the Eustachian tube is elliptical and is nearly parallel 
with the floor of the nose. The larynx is relatively very high up 
being about opposite the second vertebra. The tongue is propor- 
tionately much thinner at its base than it is later. The width of 
each nasal fossa is relatively less than in the adult because the sep- 
tum in the foetus is much thicker. 
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Foetus, sixth month, Figures 3 and 4. In a foetus of the sixth 
month the turbinates are all more prominent and the meati are well 
marked. The septum is proportionately somewhat thinner and the 
nasal fossae are consequently a little wider. The maxillary sinus 
shows distinctly as a narrow cavity, its lateral walls being almost 
in apposition. Very shallow depressions in the frontal, ethmoidal 
and sphenoidal bones suggest the beginning of the sinuses in these 
regions. The nasopharynx is somewhat more sharply curved than 
it is in a younger foetus. Hypertrophied adenoid tissue may be 




Fig-. 4. Transverse section through the head of a foetus six montlis old, 
sliowing both nasal fossae; the maxillary sinuses can be seen as narrow 
cavities with their walls almost in apposition; m — maxillary sinus; i — in- 
ferior turbinate. 



present and its relative position is much lower than it is in children 
and adults so that its inferior portion may extend below the open- 
ing of the larynx. The larynx remains relatively high about op- 
posite the third vertebra. 

Foetus, eighth month, Figure 5. In a foetus of the eighth month 
the length of each nasal fossa is about 3.0 cm. ; the height about 
1.4 cm. ; the width about 0.5 cm. The length of the nasopharynx 
is about 2.4 cm. and its width between the Eustachian openings 1.3 
cm. 

The turbinates and the meati are sharply defined. The floor 
of the nose and the soft palate are flat and slope downward slightly. 
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The nasopharynx curves downward and backwards and its posterior 
wall presents a smooth, regular outline, if it is free from adenoid 
tissue. The larynx is about on a level with the upper border of 
the fourth vertebra. 

Child, six months. Figures 6 and 7. In a child about six months 
old the length of each nasal fossa is about 4 cm., the height is about 




Fig. 5. Section showing the right nasal fossa and pliarynx of a foetus 
about eiglit months old. In tliis specimen only two ethmoidal turbinates 
are present; the nasopharynx is free from adenoid tissue; the elliptical 
opening of the Eustachian tube is nearly parallel with the floor of the 
nose. 

1.8 cm., and the width 0.7 cm. The width of the nasopharynx is 
about 1.6 cm. and its length 3 cm. 

The general conformation and the relative position of the tur- 
binates are nearly the same as in the adult. The palate is slightly 
curved. The long axis of the Eustachian opening is nearly parallel 
with the floor of the nose. The posterior boundary of the naso- 
pharynx is sharply curved. The larynx is about on a level with 
the fourth vertebra. 
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If there is much hypertrophy of the adenoid tissue it may obstruct 
not only the posterior nares, but also the larynx, for the naso- 
phar}-nx is relatively low and the larynx is relatively high. 

Sumiiiary. During foetal life and early infancy the relative 
proportions of the length and the height of the nasal fossae remain 
about the same — that is, the length is about twice as great as the 
height. After the second year, the height increases more rapidly. 
On account of this increase in height of the fossae, the choanae, 




Fig. 6. Longitudinal section, showing tlie right nasal fossa, nasopharynx 
and larynx of a child about six months old. The outline of the maxillary 
turbinate is about the same as in an adult. Four ethmoidal turbinates 
can be seen. The agger nasi shows distinctly as a rounded process ex- 
tending forward from the anterior part of the ethmoidal turbinate. A 
small diverticulum extending into the sphenoidal bone shows the begin- 
ning of the formation of the sphenoidal sinus. The long axis of the Eu- 
stachian tube is nearly parallel with the floor of the nose. The naospharynx 
contains a rather large mass of adenoid tissue, which extends down below 
the opening of the larynx. The tongue is relatively thin posteriorly. The 
larynx is relatively high. A. g. — agger nasi; a — adenoid tissue. 



which are nearly round in infants, become decidedly elliptical and 
the perpendicular diameter of each choana becomes about twice as 
great as the transverse diameter. 

The width of each nasal fossa is relatively less in an infant than 
it is in an adult and hence any pathological lesion causing nasal 
obstruction in an infant is a more serious matter than it is in an 
adult. This is so not only on account of the relatively greater in- 
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terference with respiration, but also because the nasal obstruction 
causes decided interference with the taking of nourishment. 

The septum is relatively much thicker in the embryo and young 
infant than it is later in life. The general form of the maxillary 
turbinate remains very nearly the same during its whole develop- 
ment. The ethmoidal turbinates show many variations. Two are 
always present ; there may be three, four, or occasionally even five 
ridges which correspond with the much more complicated develop- 
ment of these structures in many of the lower animals. The fourth 
and fifth ethmoidal turbinates usually disappear in early infancy. 




Fig. 7. Transverse section through the head of an infant si.x months 
old, showing both nasal fossae. The maxillary sinuses show as rather oval 
cavities. Two ethmoidal cells show distinctly. B — ethmoidal cell; m — 
maxillary sinus; i — inferior turbinate. 



The third ethmoidal turbinate remains in about eighty per cent of 
cases. 

The agger nasi is a slight elevation at the junction of the anterior 
end of the middle turbinate (first ethmoidal turbinate) with the 
nasal process of the superior maxillary bone and is the rudiment 
of the nasal turbinate of the lower animals. 

The maxillary sinus appears about the middle of the third foetal 
month. The frontal sinus begins as a slight depression extend- 
ing upward from the nasal fossa in the third foetal month. It is 
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however, so small that it can hardly be called a sinus until about 
the seventh year when the true sinus is formed by the separation of 
the two tables of the skull. 

The ethmoidal cells appear first during early foetal life as small 
depressions which grow by the absorption of the bone. The sphe- 
noidal sinus is primarily a constriction of the primitive nasal fossa 
and begins to form in the third foetal month. The space is so rudi- 
mentary that not until the seventh year has there been sufficient 
absorption of the cancellous bone to make the sinus apparent. 

The organ of Jacobson develops at a very early period and after 
the fifth foetal month it usually begins to disappear. 

The hard palate at birth is about on a level with the junction of 
the sphenoidal bone and the basilar portion of the occipital bone. 
At three years it is opposite the middle part of the basilar portion 
and at six years it is about the same as in the adult, opposite the 
anterior edge of the foramen magnum. 

The soft palate at birth is nearly horizontal and about on a level 
with the atlas. The tongue is relatively thinner at its base in an 
infant than it is in an adult. 

The nasopharynx at birth is a tube-like structure extending down- 
ward and backward. It is relatively long and shallow. 

Hypertrophied adenoid tissue may be congenital. If it is present 
in an infant, it may obstruct the nasopharynx and also the larynx 
on account of the high position of the latter. The obstruction and 
irritation of the larynx in this way is probably one of the chief 
factors in the causation of croup and other lesions of the larynx in 
children with adenoids. It seems probable also that the relatively 
low position of the adenoid tissue might make deglutition more dif- 
ficult. It may be seen in some cases by direct inspection through 
the mouth if the soft palate is elevated and drawn slightly forward. 
On account of its relatively low position, it may be easily felt in 
a careful examination with the finger. The advisability of its re- 
moval is self evident, regardless of the age of the child. 

The openings of the Eustachian tubes are elliptical and the long 
axis at birth, is nearly horizontal. The Eustachian prominences 
are only slightly raised above the surrounding tissue and hence are 
less liable to be injured in operations in the nasopharynx in infants. 

On account of the small oral cavity and the shape of the naso- 
phar^nx in infants a curette with a straight handle and its blade set 
at an angle of fifty-five degrees to the handle will follow the post- 
erior wall of the nasopharynx better and remove the hypertrophied 
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adenoid tissue more completely than it will if the blade is more 
nearly perpendicular to the handle as it is in many curettes. The 
bayonet curette of Fein was devised to permit greater latitude in 
the movement of the curette and thus allow its blade to follow the 
conformation of the nasopharynx. The width of the curette blade 
should be determined, of course, by the width of the nasopharynx. 
A curette 1.3 cm. in width with a blade i cm. in width, is probably 
small enough for all infants. 

The shape of the nasopharynx in infants makes it practically im- 
possible to do a complete adenotomy with forceps. 
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LATE MANIFESTATIONS OF INTRACRANIAL 
HEMORRHAGE OF TRAUMATIC ORIGIN' 

By DUD1.EY P. ALLEN, M. D., Cleveland, Ohio' 

Professor of Surgery, Western Reserve University; "Visiting Surgeon to 
Lalteside Hospital; Consulting Surgeon to Charity and the City Hospitals 

IN the Surgical Observer of 1816 (page' 446, also Guy's 
Hospital Reports, 1886, page 157), Sir Charles Bell re- 
cords the following observation: "Strike the skull of the 
subject with a heavy mallet. On dissection you will find the 
dura mater to be shaken from the skull at the point struck, 
repeat the experiment on another subject and inject the head 
minutely with size injection and you will find a clot of the 
injection lying betwixt the skull and the dura mater at the 
part struck and having an exact resemblance to the coa,gulum 
found after violent blows on the head. I imagine this is 
conclusive." 

Tillaux, whose lectures I attended twenty-seven years ago, 
in his Anatomic Topagraphic calls attention in this connection 
to the fact that the adhesions of the dura to the skull are the 
least in the temporal fossa at the site of the distribution of 
the meningeal artery. It has also been shown that the dura 
is more adherent in youth and advanced age than in middle 
life. 

To go still further back, Mr. J. Hill, in 175 1 (Cases in 
Surgery, Edinb., 1772, also Guy's Hospital Reports, 1886, 
page 187), reports the case of a man about thirty years of age 
struck on one side of the head with a loaded whip, and on 
the other side with a crab stick. The next morning he was 
lethargic and the whole right side was paralytic. There was 
no fracture or depression. Symptoms showed the necessity 
of opening both sides of the skull, but the impressions of the 
staff being strongest on the right side it was opened first, 
though the symptoms equally indicated the contrary. A large 
extradural clot was removed. The operation gave relief, but 
the friends would not permit operation upon the opposite side 
until four days later, when the case seemed hopeless. Then 
the other side was opened, and a very large extradural clot 
was removed. The patient was in good health in 1791, that 
is, twenty years later. 

1 Read before the Chicago Surgical Society, May 5, 1909. 

= For the history of cases I am indebted to my assistant. Dr. Isadore Fuhs. 
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It is interesting after reading such observations to note 
the two cases which follow, recorded by Mr. C. Cock in Guy's 
Hospital Report, 1842. (Vol. vii, page 175.) 

A patient fell, injuring the left side of his head. He was 
brought to the hospital at 7 p. m. in a conscious condition. 
At 4 a. m. patient got out of bed "for motions" but answered 
incoherently. At 8 a. m. patient was found entirely uncon- 
scious, with stertorous and interrupted breathing. At noon 
he was trephined and a large clot of blood ' was removed. 
Patient recovered and remained well until 1849, ^ period of 
eight years, after which epilepsy developed, the patient dying 
in 1856 from a haemorrhage at the site of the old injury. At 
this time he was under the care of Sir Wm. Gull. 

A year later the same surgeon, j\Ir. Cock (idem, page 
180), reports a case having similar symptoms. He cut down 
upon the skull at the point of contusion, and finding no frac- 
ture, thought best not to trephine. The patient died a few 
hours later and at the post-mortem a large extradural clot 
was found. 

' It seems strange that the success of' the first case should 
not have suggested to ^Ir. Cock the necessity for trephining in 
a second case having similar symptoms. It seems stranger 
still that so many years elapsed before the profession at large 
came to understand the full significance of traumatic cerebral 
haemorrhage, both extradural and intradural or epi- or supra- 
dural and subdural, according to the nomenclature one may 
elect. 

To be sure occasional observations were made of epidural 
and subdural clots, some caused by blows or falls and some 
by bullets, such as one recorded by Guthrie in the Peninsular 
Campaign (Injuries of the Head Affecting the Brain). 

The number of cases was, however, small, if we may 
judge by those which are reported, and advance in knowledge 
seems to have resulted, in a considerable degree at least, from 
observations made at post-mortems. 

_ Excellent papers upon the subject have been written by 
various authors,, whose names I need not here record, since 
many of them are cited in my paper in connection with cases 
whidi they have recorded, but most of these papers have been 
published within relatively recent years. 

Notwithstanding all that has been written, the number 
of recorded operations is small, and to find the special class 
of cases which I shall place before you to-night a careful 
search has been made through the literature of the Surgeon- 
General's library at Washington. I am surprised that so few 
cases have been found. Doubtless some may have been over- 
looked. 

The experience which first especially attracted my atten- 
tion to this subject Avas an operation performed in 1896, and 
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reported in the Philadelphia Medical Journal, September i6, 
1899. It was as- follows : 

Case i. J. G. Male. Age 56 years. By occupation a farmer. On 
May 9, J896, the patient was kicked by a horse on the right side of 
the head nearly over the coronal suture. The scalp was cut through 
and patient was rendered unconscious for a short time, possibly half 
an hour or an hour at the longest. He recovered and without assist- 
ance walked from his barn to his house. The wound was dressed and 
healed promptly. For two days the patient complained of faintness. 
About June 17th, he began to complain of headaches, not very severe, _ 
but persistent. He had always been free from any trouble of this 
kind and was an unusually healthy man. From this date the headache 
continued until the time of operation. It was never very severe, and 
the patient was unable to localize it. On June 20th, the patient seemed 
to become dazed and lapsed into a state of indifference, being very 
quiet and listless, a condition utterly foreign to him, He complained 
of increasing lack of strength in his right arm and leg, which eventu- 
ally amounted to partial paralysis. His ability to think and reason 
became less each day. His bowels were obstinately constipated, he had 
no appetite, and when undisturbed he manifested a tendency to sleep. 

I saw the patient on June 26, with Dr. 'F. W. Upson of Connecti- 
cut. On examination I found that his eyes responded normally to light, 
that motion was perfect, and that vision was seemingly intact. There 
was no difference in the pupils. The right arm lay apparently helpless, 
but when I insisted very strongly, he would, with great effort and 
deliberation, raise it from the bed. The patient would grasp the hand 
with cbnsiderable firmness. He could move the right leg more freely 
than the right arm, but still only slowly and with considerable embar- 
rassment. Sensation seemed normal in both right arm and leg. The 
knee reflex was normal. The left arm and leg were moved promptly. 
Patient somewhat slow in comprehending what was said to him. 
but answ'ered accurately all questions. There was a scar about 2j.'2 
inches long extending from the' frontal region upward and backward 
at about l}4 inches to the right of the sagittal suture, and parallel to 
it. This marked the point at which the man had been kicked. A 
curved flap was made with its convexity forward, the ' flap having a 
length of from 2^4 to 3 inches. Upon lifting the flap no injury could 
be found to the skull at this point. The skull was penetrated by a 
trephine, but the dura mater was found to be normal. The "brain 
bulged strongly into the trephine opening. No pulsation could be felt. 
An aspirating needle inserted in all directions found nothing. A probe 
carried in all directions under the skull and outside the dura mater 
disclosed no roughness. It was, therefore, decided to trephine on the 
opposite side of the skull in the region of the arm center. I trephined 
upon the right side first, because the external injury had been at this 
point. The difficulty in moving the right leg, and more .especially the 
right arm, indicated an operation upon the left side of the cranium. 
The scar upon the right side, however, was so distinct and the injury 
had been so severe that it did not seem warrantable to disregard it. 
Thus, the first opening was made contrary to the direct indications of 
the case as derived from localization symptoms. 

Upon laying bare the skull by the same method as had previously 
been done upon the right side, a blue point could be seen, as of 
venous blood, shimmering through the external table. There was, 
however, no fracture. The pin of the trephine was inserted at this 
point and there was profuse hajmorrhage of venous blood. Upon divi- 
sion of the skull this bleeding largely ceased. The dura mater was 
seen to be somewhat thickened and more dense than normal. Upon 
division of the dura there was an escape of a large amount of liquefied 
blood of dark color. After this, many clots were evacuated. The 
whole amount evacuated must have been from four to six ounces. The 
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brain was pushed away from the skull sufficiently to accommodate the 
accumulation bf blood, and the removal of the latter left a considerable 
cavity in the parietal region. The cavity was thoroiighly drained by 
turning the patient upon his side and wiping it out with a sponge. 
The pia mater seemed to be intact. The cavity was drained with a 
short piece of rubber tubing, and a small amount of iodoform gauze 
was inserted. Both wounds were dressed with iodoform gauze and 
a bandage was applied. The patient's condition at the close of the 
operation was good. After the operation the patient slept almost con- 
tinuously for thirty-six hours. The wound discharged a large amount 
of serum, but healed by first intention, except at the point of drainage. 
The attending physician reported that reaction after the operation 
came on slowly. For some time after the operation the patient was 
unable to articulate distinctly,- and swallowed with difficulty, but his 
mind was perfectly clear. The partial paralysis of the right side was 
entirely, relieved and the patient used his limbs freely. Very, large 
quantities of serum escaped' from the wound, estimated by his physician 
as "One quart in twenty-four hours." The patient's health was re- 
stored to normal and he remained well for about nine years. After 
this the patient complained of headache, lost flesh, grew gradually 
weaker and his memory gradually failed, and. he died in January, igo8, 
nearly twelve years after his injury. 

Case 2. It was not until recently that I saw a similar case to 
the one just recorded. In January last (1909) my friend. Dr. Ash- 
mun, telephoned that he had a patient who about two months previ- 
ously had had a fall, and that recently he had presented symptoms 
referable to that injury. Recalling my previous experi,ence I replied 
that I suspected subdural haemorrhage, and advised that the patient 
be sent to the hospital at once. The case was complicated by the fact 
that the patient was in delicate health and all his urine had for several 
years been withdrawn with a catheter. The patient . was sent to the 
hospital at once, where the following history was obtained : 

On November 11, 1908, in descending from a street car the patient 
fell striking on the left side of the head.- This caused some abrasion 
over the outer portion of the left frontal bone. The injury was ap- 
parently slight. He was picked up by a passing auto in a dazed 
condition. He was able to stand, but could not talk, although when 
asked his name he was able to spell it out, but could not pronounce 
it. He asked, however, to whom he was indebted for ,the kindness 
m picking him up. It was a short time before he could tell where 
he lived. On reaching home, one hour after the injury, the left eye 
was closed on account of swelling and .ecchymosis and he vomited 
considerable blood. This was due to a cut in the mouth. There was 
no . bleeding from the ears. There was slight ecchymosis of blood at 
the outer canthus of the left eye behind the conjunctiva.. No defect 
of hearing. By 9 o'clock he was conscious, although perhaps slightly 
dazed. At this time the patient could move both arms and both legs. 
Speech was difficult. He remained in bed for about one week and 
did not leave the house for about five weeks. Activity was limited 
by the fact that in the right eye he had a cataract and the left eye 
was closed by swelling. During this period he was entirely clear 
mentally. After five weeks the jjatient walked a considerable distance 
to the physician's office and later took a street car and went down- 
town to have his glasses refitted. He remained in apparently norma! 
condition, although being perhaps .somewhat depressed mentally, until 
January 7. . 

_ On January 8, while walking across the room, the patient's wife 
noticed that he stumbled against a chair, and she remarked that his 
new glasses were not effective. He replied, "No, they do not help me 
any more than the old, ones." The next day, while walking on the 
street, his wife noticed that he stumbled slightly, On Sunday, Janu- 
ary 10, she noticed that he held his fork and spoon in the left hand. 
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instead of the right, as was his custom. The condition gradually grew 
worse, so that by Wednesday morning, the 13th, it was necessary to 
feed the patient. 

He was able to pass a catheter until Thursday, the 14th, but he 
required assistance, and after this he was not able to pass it at all. 
Before Sunday, the loth, he had complained somewhat of headache, 
at times holding his head with both hands. When friends came in to 
see him he would brighten up and seem natural, but after visitors 
left he complained of increased pain in the head. 

The patient entered the hospital January 16, 1909. The physical 
examination was very hurried, since the condition of the patient seemed 
to demand immediate interference. His eyes were open, but apparently 
he saw nothing. Both pupils reacted) to light. It was impossible to 
make a satisfactory examination of the sensory nerves on account of 
the mental condition of the patient. The right arm was partly flexed. 
When told to move it he did so only after the lapse of some time 
and then moved it very slowly and to a very limited extent, the motion 
being made seemingly with very great effort. On attempting passive 
motion of the right arm and leg decided resistance was encountered to 
either flexion or extension. When the right arm or leg was lifted 
from the bed it would fall heavily and in its flexed position. 
There was no apparent change in the tendon reflexes except possibly 
a slight increase in that of the right patella. Motion of the left arm 
and leg was normal. 

The patient was operated on at once. The left parietal region was 
exposed by a curved incision and the skull was penetrated with a 
burr drill just above the temporal muscle. On exposing the dura no 
discoloration could be seen. After incising it a bloody fluid, having 
the appearance of venous blood, somewhat diluted with serum, was 
expelled by successive pulsations, evidently due to the pulsations of 
the brain. The amount of fluid thus expelled must have amounted to 
at least six ounces. An instrument inserted into the opening could be 
carried down in every direction for a distance of from ij^ to 2 
inches. After enlarging the opening and washing out the cavity with 
saline and drying it with absorbent gauze, the brain could be seen pushed 
back from the parietal bone, flattened and covered with pia mater, 
but not lacerated as far as could be seen. There were some plates 
of coagulated fibrin on the anterior surface of the dura mater, but 
noi^e could be seen on .the pia mater. The haemorrhage was easily 
controlled except at one point. This apparently came from the 
meningeal artery close to its orifice from the bone, and as it did not 
seem possible to secure it by ligature, a clamp was placed upon it, 
clamping the dura mater against the bone. A cigarette drain was in- 
serted into the bony opening, but was not ca,rried inside of the skull. 
The integument was then sutured except for the exit of the cigarette 
drain and the forceps upon the meningeal artery. An abundant dress- 
ing was applied in order to absorb all discharge. 

The subsequent history of the case presents some points of in- 
terest. While recovering from the anaesthetic the patient struggled 
considerably and seemed to use the arras and legs on both sides equally 
well. Within an hour after operation, while the movements of the 
right arm and leg were somewhat slow, they were made with a definite 
purpose. , The patient was able to speak in sentences and that evening 
he said he felt well, and would smile when spoken to. On the morning 
following the operation the patient spoke in sentences and recognized 
his attendants. He made mistakes, however, in pronouncing some ■ 
words. 

The first dressing was made on the l8th, when a large amount 
of serum escaped. On the 20th, the patient, who is an engineer, gave 
intricate mathematical formulae with reference to friction. 

On January 21. the dressing was changed the second time and it 
was thought wise to omit the cigarette drain. 
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The patient's condition remained satisfactory until January 24, 
three days after the removal of the drain, when in the afternoon he 
became mentally confused. At 8 p. m. he got out of bed and wanted 
to go home. At this time the right arm became flexed and somewhat 
rigid. This condition continued on the next day. He was markedly 
confused mentally, the right arm remained flexed and the thumb was 
flexed definitely into the palm of the hand.. There was an absence of 
knee jerk, ankle clonus, Babinsky or other tendon reflexes upon the 
right side. The reflexes on the left side could be occasionally elicited, 
but they were not regular. In dressing the wound a pair of dressing 
forceps were inserted through it into the cavity formerly occupied by 
the haemorrhage. Several ounces of serum escaped. A cigarette drain 
was reinserted .and its use was continued in subsequent dressings until 
the escape of serum had ceased and the wound had nearly closed. 
With the removal of the accumulated serum the symptoms of compres- 
sion which had returned, ceased, and the further progress of the case 
was satisfactory in every way. The patient was soon up in a wheel- 
chair and went to his home, and he is now. May 5, in his usual health. 

i 

The invitation to read a paper before this body came 
shortly after operating upon this second case. My interest 
in it was such that when asked for the title of my paper I 
suggested that of traumatic cerebral haemorrhage. Had I 
looked into the literature of the subject before this time 
I question if I should have ventured to discuss a theme which 
has already received such extensive consideration. Many 
papers have been written and several careful collections of 
cases have been made. On looking over the cases, however, 
I find that there are relatively few in which the symptoms of 
compression from haemorrhage have been delayed later than a 
few hours, or at most from two to three days. 

I have myself seen several cases in which the symptoms 
of compression developed early. The interval before operation 
in my two cases just reported was 46 days and 66 days, re- 
spectively. 

In the presentation of this subject for your consideration 
an arbitrary period, not less than two weeks from the time of 
injury to that of operation, has been selected. On the other 
haiid only cases of haemorrhage are included, those of cyst 
formations being simply referred to, although cysts are doubt- 
less the terminal stage of certain haemorrhages. 

Although it might prove interesting to discuss the whole 
subject of traumatic cerebral haemorrhage, this paper will be 
limited to a consideration of cases of haemorrhage, both epi- 
and subdural, without apparent involvement of the tissues 
of the brain itself, although it is quite probable that in some 
cases other brain lesions may be associated with those of 
haemorrhage. The haemorrhage may result from a trauma 
without fracture of the skull, or at most one of limited extent 
and with little if any depression of bone. That cerebral haem- 
orrhage may result from slight violence is well knawn, as well 
as the fact that the haemorrhage may be at the site of the 
trauma or by contrecoup upon the opposite side of the cra- 
nium. The sources of haemorrhage may be the sinuses, the 
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vessels of the pia or the brain itself, possibly the diploe, 
but especially the middle meningeal artery. It is possible that 
the vessels of the pia may be torn at their entrance into the 
longitudinal sinus by the violence of a fall, partially dislocating 
the brain within the cranium. 

After entering the skull for a short distance the middle 
meningeal artery may be wholly enclosed in a bony canal or 
'may deeply furrow the tempqral bone and be covered by the 
dura mater. Steuer says the artery is enclosed in a bony 
canal in thirty cases out of one hundred. 

An examination of 30 skulls which has been made for 
me shows this condition to exist on one or both sides in 23 
cases. The portion of the artery enclosed in the canal is the 
first part of the anterior branch, the upper limitation of the 
canal reaching up nearly to the temperoparietal suture. In 
the upper part of its course the artery lies upon the dura. ■ 
This close connection of the artery with the bone makes 
it evident why a blow upon the skull may with slight frac- 
ture, or without any fracture, cause a laceration of the ar- 
tery. Should the meningeal artery be torn without at the 
same time penetrating the dura mater, an epidural haemor- 
.rhage must result. Should the dura be ruptured by the 'same 
violence the haemorrhage will be between the dura and the 
pia mater. Rarely both may occur^ simultaneously. 

As cases were collected and studied it became evident 
that those in which symptoms of cerebral haemorrhage devel- 
oped might be cases of either extra- or subdural haemorrhage. 

In the twenty-seven cases collected, in which two weeks 
or more elapsed between the injury and the operation, all 
save one were cases of subdural haemorrhage. One involved 
the surface of the brain. 

The symptoms of extra- and subdural haemorrhage are 
similar. Phelps (Annals of Surgery, vol. xliv, igo6, p. 807) 
in an excellent paper on injuries of the head says, "It follows 
that these two forms of haemorrhage (extra- and subdural) 
are not distinguishable from each other. In short, a haemor- 
rhage is a haemorrhage, wherever it is situated, and its location 
can only be indirectly established, if at all, whether it be pial, 
epidural or cortical." 

While this statement is perhaps too strong to meet uni- 
versal acceptance, and while it is to be hoped that further 
observation may increase the accuracy of diagnosis, the fact 
remains that we are as yet unable to diagnosticate 'definitely 
as to whether an injury to the head has produced a. simple 
concussion, a haemorrhage or a laceration of the brain, and 
Hutchinson remarks that laceration of the brain may give 
most of the signs of ruptured meningeal artery. In this 
connection Phelps has pointed out the importance of tempera- 
ture as a factor in diagnosis. He says (idem, p. 802), "The' 
pulse, temperature and respiration must be taken frequently 
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and systematical!)'. If after the lapse of hours consciousness 
still remains in abeyance, a stationary temperature but ' one 
or two degrees above normal will indicate a hsemorrhage of 
some profusion without serious central injury; but a higher 
elevation, which constantly increases, with possible recessions, 
will point to visceral lesion." He further says (idem, p. 808) 
that the degree of temperature will measure the amount of 
injury to cerebral tissue, and (idem, p. 819) that in a study 
of more than one thousand cases of intracranial injury there 
was no instance of recovery when a temperature of 105° was 
exceeded by the smallest fraction. 

It is not the purpose of this paper to discuss cases of 
extensive injury to the skull, causing damage to the brain 
itself and accompanied by evident fracture of the vault of 
the skull with depression, or of the base with haemorrhage 
from the ears, etc., but rather those cases in which the injury 
has as a rule been seemingly slight. Often the patient has 
simply fallen down, striking the head upon a hard object, or 
has been struck a light or perhaps a glancing blow. In some, 
complete unconsciousness has resulted, while in others the 
patient has been dazed but momentarily. 

Mr. Hutchinson (London Hosp. Report, vol. iv, p. 49) 
has said: "It is certain that the value of the lucid interval 
before coma as a symptom of ruptured middle meningeal 
artery can scarcely be over rated. It is worth all the rest put 
together." 

This remark seemingly applies to all intracranial haemor- 
rhage, the result of trauma and causing slow accumulation of 
blood, whether the blood be extra- or subdural, and whether 
it come from the middle meningeal artery, the pia, or the 
venous sinuses. 

A few cases of haemorrhage have been reported in which 
no lucid interval has followed the receipt of the trauma, but 
these cases are rare. 

In almost all cases the unconsciousness, total or partial, 
produced by the trauma has beeii followed by a lucid interval 
partial or complete, lasting sometimes but a few moments, or 
hours, while in other cases symptoms of compression have 
not appeared until after the lapse of days, weeks, or even 
several months. 

Pearce Bailey (Diseases of Nervous System, p. 100) 
says': "In the large number of fatal cases the primary un- 
consciousness is recovered from for a brief interval, if at all." 
The symptoms usually come on rapidly and death ensues in 
from twelve to forty-eight hours. The prognosis is better 
when the symptoms develop slowly. He further says that 
the length of the lucid interval is usually only a few hours. 
"It may, however, be protracted for two or three days." 

Purves Stewart is reported as saying, "A lucid interval, 
when followed by the above symptoms (drowsiness, stupidity. 
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and coma),, generally indicates that the hjemorrhaee is extra- 
dural." 

As to the correctness of the latter view we are uncertain. 
Accumulating experience seems to emphasize the difficulty of 
distinguishing between the location of haemorrhage whether 
extra- or subdural. One thing seems positive, if an opinion 
may be based upon the twenty-seven cases reported, and that 
is that long delayed symptoms of cerebral compression indicate 
positively that the haemorrhage is subdural. 

In the cases reported, in which an interval of two weeks 
has been arbitrarily selected, every haemorrhage has been sub- 
dural. It might be said, however, that it was found impos- 
sible to tabulate cases with entire satisfaction. The symptom 
selected to indicate haemorrhage was paralysis. In some cases 
this was preceded by other symptoms such as headache, dizzi- 
ness, etc., while in a few no symptoms of paralysis had oc- 
curred in the interval of two weeks. In a few almost the 
first symptom was unconsciousness or a convulsion. 

The location of the haemorrhage is commonly over the 
lateral surface of the brain. In extradural haemorrhage, aris- 
ing most commonly from the anterior branch of the middle 
meningeal artery, the haemorrhage corresponds to the distribu- 
tion of that artery. 

In subdural haemorrhage this is als6 the most common 
location, though a clot may develop well down toward the 
base of the cranial cavity. 

The amount of blood varies. In some cases a clot has 
been found "the size of an almond," while in others clots have 
been found' at operation occupying a considerable part of the 
cranial cavity, pressing the lateral lobe of the brain downward 
and toward the median line, a distance of one and a half 
inches, and flattening the convolutions of the brain. 

The exact amount of displacement is difficult to deter- 
mine, nor is it often possible to measure accurately the amount 
of blood removed during an operation. It has often been 
described as four or even six ounces. It is stated, however, 
that diminution of the cranial contents by one-sixth of its 
volume is invariably fatal. 

The symptoms following haemorrhage and the order in 
which they develop seem by no means regular. 

After a lucid interval of varying length the patient may 
in a short time develop symptoms of compression with drow- 
siness, slow breatfoing, slow and full pulse, and perhaps con- 
vulsions, together with partial or complete paralysis of one 
or more of the extremities. In cases in which the symptonis 
develop slowly the first complaint may be of headache, or an 
indefinite sense of pressure in the head. Dizziness may follow 
with difficulty in walking. The patient may become somewhat 
stupid or morose. There may be sudden attacks of vomiting.. 
Finally, the patient may lie in bed in a semicomatose condi- 
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tion. When roused he may answer questions correctly though 
slowly and with much apparent effort, and there may be dis- 
turbances of sensation, reflexes, etc. Sometimes an arm or a 
leg may be held in a fixed position, commonly somewhat flexed. 
The patient may resist efforts to bend or extend the member. 
This symptom has repeatedly caused errors in diagnosticating 
the location of the hsemorrhage. Since the patient permitted 
one arm to be placed in any position, but resisted motion with 
the other, the flaccid arm has been looked upon as paralyzed, 
indicating haemorrhage upon the opposite side of the brain. 
The arm in spastic contraction and simply resisting motion 
has been regarded as the unaffected one, with uninjured brain 
center. As a result the skull has been opened upon the wrong 
side and the offending blood clot has not been found. An 
observation which may prove of some -value in the location 
of the clot is, that on the contralateral half of the thorax 
there may be decreased motion in respiration. 

The significance of eye symptoms, from observations made 
thus far, appears to be uncertain. In some cases reported 
the eyes were seemingly normal. In a few cases blindness has 
occurred, in other cases the pupil of one side has been dilated, 
while on the other side the reaction to light has been normal. 
Hutchinson remarks that irregularity of pupils is rarely present 
in intra-arachnoid extravasation, and hemiplegia is not so 
marked as in subcranial extravasation. Phelps (loc. cit., p. 
806) states that in those cases in .w'hich only one pupil was 
dilated haemorrhage was upon the same side in all, but in two 
cases it >vas on both sides. , 

In those cases in which the pupil of one side only has 
been dilated, this condition is supposed to arise from the pres- 
sure of the blood clot on the third nerve of the same side, 
causing paralysis of the nerve. It has been thought that with 
injuries to the skull the presence of a dilated pupil, therefore, 
pointed to a haemorhage upon the same side of the skull, but 
observations show that the symptom does not always permit 
of this conclusion. Phelps has pointed out (loc. cit., p. 808) 
that "Dilatation of a single pupil may follow haemorrhages 
in other locations than in the middle fossa of the same side 
as claimed by Hutchinson and may occur in cerebral lesions 
other than haemorrhage." 

The eyegrounds may show signs of intracranial pressure, 
but in some cases of haemorrhage of the brain there has been 
an absence of any changes in the eyegroUnd. Wiesmann says 
"In seventy cases of meningeal haemorrhage, thirty-nine cases 
showed dilatation of both pupils without reaction. In seven 
both pupils were contracted. In twenty there was dilatation on 
the side of extravasation. In four there was dilatation on 
the opposite side." From our own cases and those presented 
in the table it is evident that the condition of the pupil and the 
disk are of very uncertain aid in diagnosis. 

10 
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Another symptom of cerebral haemorrhage is increased 
blood pressure, and it was formerly customary, for its relief, 
to resort to bleeding. It seems, hoWever, that the increased 
blood pressure is probably a provision of nature to supply the 
brain with the blood of which it has been deprived by the 
pressure oi blood accumulated within the skull, thus causing 
anaemia of the brain itself. It is, therefore, a compensatory 
effort to overcome anaemia of the brain. When the intra- 
cranial pressure has become so great as to overcome the action 
of the vagus, the blood supply of the brain itself is diminished 
and death results. 

In quite a number of cases among other symptoms has 
been that of dizziness, and some patients have had sudden 
attacks of vomiting coming on apparently without any special 
cause. Constipation is also mentioned as occurring frequently. 

Considerable importance in diagnosis should be attached 
to symptoms of localization in determining the site of the haem- 
orrhage and the consequent operation. Focal disorders affect- 
ing the muscles of the extremities seemed to be uninfluenced 
by the location of the haemorrhage, that is, whether the' clot 
is extra or subdural. On the other hand the pressure of a 
subdural clot at the base of the brain may be indicated by 
its pressure upon the nerve trunks before their exit from the 
cranial cavity. 

Walton has said that in cases of injury with symptoms 
developing upon the same side one should be guided as to the 
point of operation not by the injury to the outside of the 
skull, but by the location of the injury as pointed out by the 
localizing symptoms. ■ 

In cases in which the development of symptoms has been 
considerably delayed there may be twitchings of the muscles 
which receive their nerve supply from the part of the brain 
compressed by the blood clot. In a number of cases there 
have been twitchings of the eyelids upon the opposite side. 
As has already been ' pointed out, pressure upon the arm or 
leg center may develop symptoms in the arm or leg .on the 
opposite side of the body. In my own cases these symptoms 
did not develop for weeks after the injury and when they ap- 
peared they came on slowly, that is, there was in the begin- 
ning a slight unsteadiness of gait, or slight difficulty in using 
the hand or arm, or both these symptoms were associated. As 
time goes on the difficulty may increase until ,the patient can 
move the arm or leg only slowly or with very great effort, 
although the movements of the extremities on the opposite 
side of the body may be normal. Another striking feature is 
the slow cerebration of the patient. A patient may be in a 
somewhat stupid condition, but when roused may answer 
questions correctly, although slowly, but afterward he will 
lapse again into a period of stupidity and probably partial un- 
consciousness. Finally, as the pressure increases, the patient 

11 
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may remain in a state of unconsciousness with stertorous res- 
piration. 

From tile symptoms it may be very difficult to determine 
whether the clot is extradural or subdural. Prescott Hewett 
states that the middle meningeal artery is the source of intra- , 
cranial haemorrhage in nine-tenths of all cases. 

Bowen (Guy's, Hospital Reports, 1905, p. 2) says that 
haemorrhage from rupture of the middle meningeal artery 
within the skull is usually extradural and is usually associated 
with fissured fracture of the skull. 

Jacobson (Guy's Hospital Reports, 1886, p. 159) states 
that in 70 cases of meningeal haemorrhage, fracture was pres- 
ent in 62. Of these 62 cases fracture implicated the base ' as 
well as the vault in 38. In 4 there was no fracture. In 3 
cases which recovered no fracture was discovered. In i there 
was no evidence whether there was fracture or not. 

If the dura is torn, however, the blood will be subdural 
and Bowen cites 3 cases, one of his own and 2 of Jackson's, 
as probably of this kind.. It seems somewhat doubtful, how- 
ever, if the source of hsemorrhage in some of the cases re- 
ported has been definitely established. Inasmuch as the skull 
at operation ordinarily is not widely opened, and inasmuch as 
considerable hsemorrhage may arise from the operation itself, 
it evidently must be very difficult to determine the origin of 
the primary hjemorrhage, and it is by no means certain that 
the reports as to the origin of hsemorrhage are always cor- 
rect. A very interesting discussion of the sources of intra- 
cranial hsemorrhage will be found in an article by Phelps to 
appear in the May number of the Annal_s of Surgery. His 
observations are based upon post-mortem examinations, and 
would seem to strengthen the view that it must often be diffi- 
cult to determine at operation the exact source of hsemorrhage. 

Bowen remarks (idem, p. 55) : "I venture the opinion, 
recognizing, however, that the evidence I have put forward is 
purely negative, that the compressing blood is derived in most 
cases from the vessels of the pia mater and those running in 
the subarachnoid space. In a small proportion of cases the 
blood is derived from the corresponding middle meningeal ar- 
tery or one of the sinuses of the dura mater." 

The rapidity with which the blood may accumulate is a 
matter of very great uncertainty. It has been suggested that 
concussion by the disturbance of circulation may for a time 
hinder haemorrhage. 

Wharton has remarked (Wounds of the Venous Sinuses 
of the Brain, Annals of Surgery, 1901, vol. xxxiv, p. 103) : 
"The diagnosis of wounds of sinus of the brain must, there- 
fore, be made largely upon the site of the injury, the character 
of the blood which escapes, and in cases in which no external 
wound exists, by tlie slow development of symptoms of cerebral 
compression." 
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While Wharton's conclusions are generally correct it must 
be remembered that some of the cases in which the symptoms 
have been unusually long in developing have been hjemorrhages 
in which the sinuses of the brain were not involved. 

The symptoms of hasmorrhage do not seem to enable 
one to reach any definite conclusion concerning the size of the 
clot, since in some cases with grave symptoms only small 
clots have been found. A point in diagnosis has been sug- 
gested by Gushing. He remarks that in extradural haemor- 
rhage from injury of the meningeal artery or venous sinuses 
the fluid withdrawn by lumbar puncture is clear, while in cere- 
bral or subdural haemorrhage it is stained with blood. While 
this point of diagnosis may be' of much value imrriediately 
following an injury, it is probable that the blood would have 
disappeared from the spinal canal in cases in which the de- 
velopment of symptoms has been long delayed. 

The arhount of fluid which has been removed at the time 
of operation has been variously estimated at from i to 6 
ounces, but the cases as reported would lead one to believe 
that the amount of the clot was estimated rather than abso- 
Jutely measured. In one of my cases it was possible to insert 
an instrument into the expKjsed cavity 2J/2 inches, both anteri- 
orly and posteriorly, from the point of opening, and from the 
skull to the surface of the brain, a distance of about 1}^ inches. 
It is of course difficuit to estimate with accuracy just how 
large a quantity of fluid such a cavity would contain. 'Six 
ounces would not seem to be an overestimate. 

The slow development of symptoms has been ascribed to 
a slowly accumulating haemorrhage. It is of course possible 
that blood may for a long time continue to escape from an 
injured vessel, but it has seemed to me that the slow develop- 
ment of symptoms might better be accounted for as follows : 
As a result of haemorrhage a certain amount of blood is 
poured out. This may not be so great as to prevent the re- 
covery of consciousness and the patient may for a consider- 
able time remain in a seemingly normal condition. Later, the 
blood clot, acting as a foreign body, may cause the accumula- 
tion about it of serum and with this gradual accumulation of 
serum the symptoms of pressure increase. The primary clot 
may form definite limitations at its periphery. The later ac- 
cumulation of serum may find less resistance in compressing 
the brain than in overcoming the peripheral adhesions and 
may thus depress the brain. 

Two observations have led me to this conclusion. In the 
first place in my own cases and in some of those cases reported 
by others, no well-formed blood clot has been found, but a 
dark-colored fluid containing perhaps particles of clotted blood. 
On observation of the cavity from which this material has 
been removed, in some cases thick layers of lymph have been 
found deposited upon the dura mater. In the second case 
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which I have reported, the patient was immediately reHeved 
by operation and regained motion and consciousness in a few 
nours. His condition continued to improve as long as the 
cigarette dram was employed to keep the opening down to the 
bram patient. After a few days this cigarette drain was re- 
moved,_ when all of the symptoms of compression returned. 
Immediately upon opening the wound and carrying a pair of 
dressing forceps down into the cavity there was a discharge 
of several ounces of clear fluid. With this discharge all symp- 
toms of pressure again rapidly disappeared but recurred several 
times when the discharge of serum from the cavity was not 
perfectly free. It has seemed to me that the fluid collecting 
at the point of haemorrhage after injury might be similar to 
that collected at the same place after operation, and just as 
the symptoms of compression followed the retention of this 
fluid through the absence or inefficiency of the cigarette drain, 
in the same manner the pouring out of serum about a clot may 
cause symptoms of slowly increasing pressure. 

In this connection the formation of what are called blood 
cysts is of interest. Some cases, so described,, appear to be 
those in which the fibrin of the blood has been deposited upon 
the inner surface of the dura. In reaching the accumulated 
fluid it has been necessary to perforate a layer which has the 
appearance of a cyst wall. Below this a dark-colored fluid 
has been found, but below the fluid could be seen the flattened 
surface of the brain covered only by the pia. Such a case is 
No. 27. . ' 

Taylor and Ballance, however, describe a cyst with well- 
formed walls. This was removed entire and measured 7 by 
4/^ by ij4 inches. In some cases of long standing such cysts 
have caused absorption of brain tissue. I operated upon one 
which opened into the lateral ventricle. 

It is probable that in some cases clots are liquefied and 
absorbed. This is indicated by the slow disappearance of 
symptoms and geems more likely to occur in subdural hjemor- 
rhage, on account of the more abundant lymph vessels of the 
pia. These lymph vessels probably take up the gradually 
liquefied blood clot. 

As to the treatment of cases of hjemorrhage there is of 
course nothing which offers permanent benefit except opera- 
tion and the removal of the accumulated blood and serum. I 
do not wish to go into the details of the operation. In as 
much as the collections of fluid are chiefly in the parietal re- 
gion, more frequently anteriorly than posteriorly, this is the 
point- at which operation is to be performed, and one may be 
aided in the locaHzation of the lesion, as has already been said,' 
by the symptoms produced by pressure upon the centers con- 
trolling the motion of the extremities and the center of speech. 
The most common point of. haemorrhage, v\/hether it be extra- 
dural from the injury of the meningeal artery or whether 
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it be subdural, is in the anterior parietal region, two fingers' 
breadth behind the outer side of the orbit and a little below 
the upper portion of the orbit. This brings one about to the 
unt-erior inferior angle of the parietal bone, and it is usually 
at this point that the bone is crossed by the middle meningeal 
artery. In some cases the haemorrhage is from the posterior 
branches of the meningeal, however, and under such circum- 
stances the haemorrhage may develop posteriorly and if one 
has opened the skulf anteriorly, failing to find the fluid at the 
point of operation or in its immediate vicinity, it may be 
necessary later to open the skull at the posterior portion of 
the parietal bone. This has been pointed out by Kronlein. 
The bone flap method is advocated by Krause. 

Troublesome haemorrhage from the middle meningeal may 
be controlled by placing upon the skull a hemostat, upon the 
inner jaw of which is a piece of rubber tubing. This will 
press the artery . against the skull and the forceps may be left 
in situ for a couple of days. The forceps may be included in 
the dressing and provide good drainage without detriment to 
the patient. It is important that all clots be thoroughly cleared 
away, and that strictest asepsis be employed, since otherwise 
pressure symptoms may not be ■ relieved and the remaining 
clots before being evacuated may give rise to infection and 
meningitis. 

To reach a,ll clots an opening of considerable size may be 
necessary. This opening may be closed at a subsequent opera- 
tion by a bone graft, such as I have fully described in Boston 
Med.' and Surg. Journal, April 2, 1906. The method is one T 
have employed repeatedly and always with success. Later 
observations have shown that the bone grafts have closed the 
opening with a solid ,wall of bone. It seems that such a bony 
covering must be of value as a protection against accident and 
by decreasing the possibility of the later development of epi- 
lepsy, resulting from the pressure of the cicatrix. 

Case i. Allen. See text. 

Case 2. Allen. See text. 

Case 3. Armstrong. Journal American Medical Association, 1887, 
vol. yiii, p. 679. Male. Age S3 years. Was struck on forehead by 
brick, February 27, 1887. Unconscious for a short time. April 18, 
noticed tendency to drag right foot. April ig, fell forward on table 
suddenly, right arm and leg paralyzed. Examined April 24. Both 
pupils small and respond to light. April 29, ophthalmoscope showed 
the optic nerve of the right eye red, border indistinct, veins large and 
somewhat tortuous. Left eye same. Diagnosis, optic neuritis. Oper^ 
ated May i. No fracture found. Dura mater dark. No pulsation. 
On opening dura dark brown fluid blood was found. Patient made 
good recovery. 

Case 4. Hulke. Lancet, 1883, vol. ii, p. 814. Male. Age 69 
years. Admitted to hospital October 21, 1881. Received injury of head 
fourteen days previously. Ecchyraosed: lump on right temple two 
fingers' breadth behind angular process of frontal bone just below 
the temporal ridge. Had been struck a glancing blow on right temple 
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by falling ladder. Was stunned for, a few minutes, but recovered and 
went to his 'work . and continued work the remainder of the day. Third 
day after accident headache was severe and gave up work. On fifth 
day was lethargic, on following day had retention of urine. Gradually 
grew more apathetic. On ISTovember i, spastic rigidity of right arm 
with twitching. Same day 'trephined at point of injury. No fracture. 
Dura mater appeared normal. No pulsation. On opening the dura 
a brown fluid escaped, estimated at from 3 to 4 drams. Day follow- 
ing operation Tigidity of arm disappeared. Dressing soaked with turbid 
brown fluid. Improved gradually. fi.ecovered. 

C.\SE S. Gelding Bird. Guy's Hospital Report, 1901. . Report 586. 
Male. Age 24 years. Injured November i. Knocked down from 
behind. Rendered unconscious. Still unconscious when admitted to 
hospital. Two wounds over vertex and bne over occiput. On 4th, 
complained of severe pain in frontal region. Discharged from hospital 
November 6. Readmitted to hospital November 16. Had suffered from 
headache during that period. Previous to readmission to hospital had 
developed squint and soon became totally blind. Speech difficult. Right 
arm at times paralytic and at times rigid. Marked aphasia. ' Operated 
November 16. Trephined. (From report probably on left side.) Dura 
mater dark brown color. ' Dark-colored blood slowly welled up after 
incising dura mater. November 29 discharged seemingly well. 

Case 6. Harris, Lancet, 1904, vol. i, p. 1199. Male. Age 62 
years. June 21 knocked down by stone striking top of head. Stunned 
short time. Able to walk honje. After two weeks partial loss of 
power in right leg. Later loss of power on left side. No mental 
symptoms until about a month after accident. Admitted to hospital 
August 17. Patient talkative and restless. Pupils unequally dilated. 
Examination of interior of eye unsatisfactory. Left arm wasted,- with 
contracture to angles of about 70°. To straighten arm caused marked 
pain. Fingers strongly retracted in palm of hand. Both limbs rigid. 
Left more than right, the left being in a condition of spastic rigidity 
with adduction. September 5, trephined over right motor area. Dura 
mater yellow and opaque. Pulsation diminished. On incising, arachnoid 
bulged upward, appearing dark and somewhat greenish. On incising 
this a deep claret-colored clot protruded. Altered blood clot and serum 
poured out, estimated at four ounces. (Question whether the layer of 
coagulated lymph was not mistaken for arachnoid.) Improved rapidly. 
On September 11, rigidity of arm and leg returned. On 12th, wound 
reopened. Clots around the opening removed. September 16, epilepti- 
form convulsions. Clonic spasms in both arms and legs. ' September 
24, paralysis completely disappeared. Mental condition improved. Left 
hospital November 19. 

Case 7. Keen. American Journal Medical Association, 1901, vol. 
xxxvii, p. 633. Male. Thrown from street car. Injured over left 
temple. Scarcely unconscious. Only stunned. Kept in hospital three 
days and discharged. Six weeks later became duller and finally un- 
conscious. Returned to hospital. Trephined on left side. Vast clot 
found, extending from frontal to occipital region. Opened posteriorly 
and a drain passed from anterior to posterior opening. Recovery from 
operation rapid. Slightly aphasic at time of report. 

Case 8. Kiliani. Annals of Surgery, 1901, vol. xxxiii, p. 325. 
Male. Injured May S- Struck in left parietal region by a brick. Did 
not become unconscious, but was dazed for a short time. May 20, 
did not use right hand well. May 22, violent frontal headache. May 
26, dizzy and almost fell. June i, slight hesitancy in speech. Increased 
up, to time of admission to hospital on June 6. June 7, took little 
notice of surroundings and was somnolent. Slight spastic paresis of 
right arm and hand, less in right leg. Ataxia in both arms. Partial 
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motor aphasia. Ophthalmoscopic examination showed nothing abnormal. 
Pulse 60 to 94. Respiration '12 to 24. June 11, operated on left side 
over injury. Dura tense, non-pulsating, dark color. Clot covering 
practically the entire left hemisphere evacuated. Recovery rapid. Au- 
gust 19, patient perfectly well and attending to business. 

Case 9. Kamerer. Annals of Surgery, 1901, vol. xxxiii, p. 325. 
Male. Fell from bicycle. Unconscious for short time. (Estimated 
variously from one-quarter to three hours.) At end; of ten days felt 
perfectly well. Six weeks after accident began to complain of head- 
ache. Symptoms increased in severity for two weeks. Trephined. 
Large amount of dark fluid and much clotted blood found behind 
dura. Blood clot was about J4 inch thick; lying upon brain and above 
this was the colored fluid. Brain separated from skull about i^i 
inches. Patient recovered. Free from symptoms for a considerable 
time. Six months later second operation. Patient died in about a year. 

Case 10. Dawbarn. Annals of Surgery, 1907, vol. xlv, p. 161. 
Male. Age 30 years. Seen on November 21, 1905, twelve days after 
receiving a severe blow from a club on right side of head. History 
unsatisfactory, except that patient complained much of headache after 
injury and seemed increasingly stupid. Had been entirely unconscious 
during three days previous to admission. Both eyes directed sharply 
to right. Pupils equal and of normal size. Evidence of but one 
wound on right over Rolandic fissure. Linear undepressed fracture 
distinguishable. Thick blood clot exposed. Clot extended well down 
to base of brain. Considerable haemorrhage from iracture down toward 
base controlled by packing. After this operation no recurrence of left 
side convulsions. Patient became partly unconscious and eyes no 
longer turned to right. Forty-eight hours later, severe chronic con- 
vulsions of entire right side. _ Operated second time. Operation over 
left Rolandic area of skull. Dura bulged strongly into the opening. 
No pulsation. On opening dura an extensive partly organized clot was 
found. Rapid recovery. 

Case II. Carson. American Journal of Medical Science, vol. ciii, 
1902, p. 134. Male. Age 21 years. Injured by fall. A week later 
sttddenly became unconscious. Shortly afterward had difficulty in 
speaking. First seen 13 days after injury. For the three days pre- 
ceding this had been unable to speak. Pulse down to S4- Patient 
seemed to understand what was said to him. Left nasolabial fold more 
marked than right. Right cheek puffs on attempting to whistle. Tongue 
diverges to right. Grip of both hands about equal. No difference 
noted between right and left legs and arras. Seemed to be able to 
write figures, but not letters. Day later grip of right hand* seemed to 
be less than that of left. Operated April 29, 1891. Left- side, ' i^ 
inches behind the external angular process. Dura dark and cloudy. 
No pulsation. On opening the dura clot found extending in all direc- 
tions. On raising dura a' stream of dark semi-liquid blood forced itself 
through the supervening layer of clot, being projected a distance of 
three feet. Thickest part of clot immediately under anterior branch of 
middle meningeal artery. Recovery rapid.' Dismissed May 18. Octo- 
ber IS, 1901, patient in good health, working in a brickyard. 

Case 12. Hamilton. Journal American Medical Association, 1894, 
vol. xxiii, p. 952. Female. Age 20. Struck on right side of head 
just posterior to Rolandic fissure on June 18, 1893. No record con- 
cerning unconsciousness. Severe headache. Gradually lost sight in 
right eye, becoming totally blind. Deafness began almost immediately 
in right ear. No motor paralysis. Vision and hearing normal on left 
side. Ophthalmoscope shows O. S. normal. O. D. slightly vascular. 
No evidence of past or present neuritis. Operated November 15. Dura 
mater normal. Incised dura. Passed silver wire loop down to optic 
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commissure. On withdrawal of wire a firm, round, coagulum body, 
3 cm. in length followed the wire. This was repeated a second time. 
Patient rallied well from the operation. On second day had convul- 
sions with total loss of consciousness and spasmodic contractions of 
left arm and hand. Wound reopened. Other coagula were removed. 
November l8, patient re-examined and in good health. 

Case 13. Stewart. British Medical Journal, 1887, vol. i, p. 877. 
Male. Age 44 j'ears. Admitted to hospital February 22, 1887. On 
first of January had fallen on back of head. Lost consciousness for 
a minute or two. Remained well for a fortnight when he began to 
have pain with severe headache. Week later pain was so severe that 
patient was unfitted for work. His legs were feeble and his walk was 
unsteady and staggering. Head showed no marks of injury. Move- 
ments of eyes and eyelids were normal. Right pupil slightly larger 
than left. Both pupils reacted and were normal. Ophthalmoscope 
showed optic neuritis of both sides. No loss of power in any in- 
dividual muscle or group of muscles. On February 26, gait was un- 
steady, tendency to vomit, increasing stupidity and torpor. Tapping 
over triceps and biceps induced movement on right side, but none on 
left. February 28, condition approached one of coma. R.ight arm and 
leg' distinctly paralyzed. Aphasia well marked. March i, symptoms 
being still more pronounced, was trephined over posterior part of 
third left frontal convolution. On opening the dura a quantity of 
serous fiuid escaped, reddish brown in color and afterward dark red. 
Amount estimated to be about 6 ounces. The fluid extended forward 
two inches and backward about three inches. Copious discharge of 
serum for two days. Patient's condition very satisfactory. On March 
3, rise in temperature, slight rigor, nausea and vomiting. Symptoms 
gradually grew worse, passing into coma, with complete paralysis of 
right side. Patient died at 11 o'clock on March 6. The details of the 
case render it strongly probable that death was from sepsis. 

Case 14. Burns. Lancet and Clinic, 1907, vol. xcviii, p. 82. 
Male. Age 57. On October 27, 1905, was struck on the malar process 
and wasv unconscious ten to fifteen minutes. After twenty minutes sat 
up and was able to answer questions. Normal pulse. No evidence 
of fracture, concussion or compression. Returned to work ten days 
after injury without complaining of headache. January 7, patient 
talked in a normal manner and .his gait and reflexes were apparently 
normal. He was advised to enter hospital for observation, but de- 
clined to do so. Entered hospital on January 25. Operated January 
26, history showing that few days' after being seen on January 7, he 
had fallen ij,ito a stupor and exhibited signs of hemiplegia. At this 
time ' he had left-sided paresis, extending to the face and tongue. 
There was evidence of pressure over the leg, arm, orofacial and tongue 
areas. Marlced mental hebetude. Pulse 62, tsmperature 98. Operated 
over the motor area on the right side. The dura bulged into the open- 
ing, Was bluish in color and without pulsation. On incising the dura 
an old clot of large size spread out in all directions. Patient recovered 
rapidly and on the third day "was able to hold a glass of milk in his 
left hand and flex and extend the left arm normally. The functions 
of the muscles of the face and tongue were restored. Patient died, 
however, on February 2. Death was ascribed to ^pressure causing 
cortical atrophy, followed by degeneration of the lateral columns of the 
spinal cord. The published account gives no history of post-mortem 
ov microscopic examination. ' 

Case 15. Hume. Lancet, September 19, igo8, p. 866. Male. 
Age so to 60 years. On August 9, 1907, fell, striking on back of 
head on left side. Unconscious for a few minutes. Wound healed 
rapidly. Felt vaguely ill afterward. During September was much de- 
pressed. By October i, began to lose power in right hand and walked 
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with difficulty. On October 29, broke down and could no longer sign 
name. Retained some memory up to November 14. Examined by 
Dr. Hume, November i. Patient had vomited suddenly several times. 
Distinct loss of power in right hand. Less distinct paresis of left leg. 
By November 7 all symptoms had increased. Spoke with difficulty, had 
right facial paralysis, several times had involuntary defecation and 
micturition. Absence of knee jerk, ankle clonus and patella reflexes. 
Optic discs congested and edges blurred. November 14, cranium 
opened on left side in posterior parietal region.' Dura mater bulged 
outward and was bluish in color. When incised 5 to 6 ounces of 
porter-like fluid escaped. Some clots adherent' to dura, but not to 
brain surface. Surface of the brain was depressed, but rose gradually 
to normal level. Gauze drain inserted. Bone not replaced. Same 
evening patient could answer ordinary questions correctly. He could 
move right leg and to a slight degree extend right arm. Patient 
gradually improved, regained perfect speech, and the full use of both 
arm and leg, and returned to his usual occupation. 

Case 16. Bartlett. Hahnemannian Monthly, vol. xxxviii, 1903, p. 
741. Male. Age 63 years. In June, 1902, received a blow upon the 
head which caused him to remain sitting for a half hour. There was 
a wound to the right of the median line over the anterior portion of 
the parietal bone. That such an injury had occurred had been for- 
gotten until the time of operation, which occurred in the latter part 
of March, 1904. In December the patient had developed vertigo. Early 
in February he developed severe headaches. In the middle of March 
he^ showed marked drowsiness and by the 2Sth of the month this 
had increased so that it was difficult to rouse the patient. ' An exam-, 
ination this time showed that the left knee jerk was more energetic 
than the right. The patient could be roused sufficiently to pi'otrude 
the tongue. He did this in the median line. A dynamometer grasped 
in the right hand registered 40 and in the left 15. Pupils moderately 
contracted and equal. Ophthalmoscopic examination unsatisfactory. 
Patient was trephined just above the hair line and one inch from the 
median line on the right side. The dura was unduly tense. On in- 
cision there was a forcible gush of reddish- serum, about i to 2 
ounces escaping. Brain was depressed and in the bottom of the cavity 
was some old blood clot. Wound packed with gauze. Following morn- 
ing patient was perfectly conscious and headache was gone. On the 
_^7th patient was again drowsy, but on removal of packing he improved. 
Several days later Jacksonian epilepsy developed with convulsions be- 
ginning in the left hand and extending to face and left leg. Convul- 
sions were followed by paralysis of left hand. Patient never lost con- 
sciousness. Convulsions gradually decreased and disappeared after three 
or four days. Patient improved. Reported to the doctor's office May 
3 and again on September 8 as entirely well. 

Case 17. Wells. Medical Record, vol. xli. May, 1892, p. 541. 
Male. Age 23 years. Was seen to fall suddenly in "the street and 
went immediately into convulsions. He frothed at the mouth and his 
face became cyanosed. No history of case could be obtained and no 
evidence of injury except a small scar on the left side of the head 
anterior to and a little above the ear. This was judged to be three 
to six weeks old. Both pupils dilated and equal. Reflexes appeared 
to be normal. Temperature 102, respiration 30, pulse 120, No ap- 
parent loss of motion or sensation. During evening temperature rose 
to 104 and patient became delirious. August 22, the record shows 
that during previous night convulsions were nearly constant and patient, 
who had been in hospital two days, was rapidly failing. Diagnosis, 
cerebral abscess from- an old injury. Skull was trephined August 23, at 
the location of the scar. At time of operation temperature was 105, 
pulse 123, respiration 22. No evidence of fracture. The dura was dark 
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in color and presented no pulsation. On incising dura blood clot im- 
mediately protruded and a handful of blood clot was removed. The 
clot extended along the fissure of Rolando covjDring the motor areas 
of the face, arm and leg. Pia appeared to be much reddened and 
inflamed and the brain was depressed. Opening was drained by gauze 
and a tube. August 24 and 25 patient had several convulsions. On 
August 25 temperature fell to 99 and continued at about that level 
until recovery. Discharge from wound greatly lessened. Patient re- 
gained his memory and stated that three weeks before admission to 
hospital he was struck upon the head. Injury had, however, caused 
him no trouble. For a week previous to admission to hospital he re- 
membered that he had had headaches, and for a few days had noticed 
that his right arm and leg were not as strong as usual, but the diffi- 
culty was not sufficient to cause him to stop work. On September 23 
patient was dismissed cured. 

Case 18. Hahn. Deutsche Medicinische Wochenschrift, 1896, April 
16, p. 250. Male. Age 69 years. Admitted to hospital August 19, 
1894. Six weeks previously had been struck in the right parietal 
region. Since that time patient had not felt well. Headache on right 
side, fretful and easily angered. During past six days marked change 
in condition. Gradual weakening of left arm and leg and patient has 
remained in bed and been apathetic. iPor last two days has been un- 
conscious. Occasionally he was very restless, grasping at the right side 
of head. No convulsions or vomiting. Patient answered questions only 
when thoroughly roused. Facial nerve . of left side showed slight 
paresis. Left arm showed slight spastic contraction and was paralyzed. 
Left leg paralyzed, left hypoglossal and other cerebral nerves not in- 
volved. Pupils equal and react to light. Eye grounds normal. Eye 
muscles seemingly intact. Sight seemingly normal. Sensibility seems 
dull, but the; same on both sides. Patella reflexes increased. Patient 
gradually went into a state of deep coma. Operation at point of in- 
jury, a little above right ear. No evidence of bone injury. Dura 
mater was tense and bluish in color. No pulsation. On opening dura 
nearly 150 c. c. of clotted blood was evacuated. Cavity lightly packed 
with iodoform gauze. Op August 11, patient's mind was clear. Spastic 
paralysis of left arm had disappeared and patient could move right 
arm and leg. Paresis of face had disappeared. August 13, no fever, 
patient slept well. Had good appetite. Good grip in left hand. Sep- 
tember 7 in excellent condition. October 10, patient dismissed in 
seemingly normal condition. * 

Case 19. Korte. Deutsche Medicinische Wochenschrift, 1903, p. 
118, No. 7. Male. Age 29 years. Entered hospital November 30, 
1901, in unconscious conditicwi. Four weeks before he had received 
a blow upon the head. He was momentarily unconscious. He re- 
covered completely- and worked until the day before admission to hos- 
pital. Last evening ate supper as usual and went to bed. Suddenly 
in the night had a convulsion and lost consciousness. Temperature 
normal. Pupil reflex. Patella reflexes. Sensibility and motion of 
extremities normal. No anomalies in the cerebral nerves. No paralysis. 
Patient slept most of time. Did not respond 'intelligently to questions. 
A sca!r was found over the right parietal bone, being adherent to the 
skull. December i, typical epileptiform attack. December 2, epilepti- 
form attacks had gradually increased and were followed by uncon- 
sciousness. In the afternoon the attacks recurred about' once in two 
hours. Patient would throw himself upon right side. There were 
convulsive movements first of the left arm and then of the right. 
Attacks lasted about two minutes. Patient became wholly unconscious. 
December 4, trephined at site of scar. Dura mater tense. No pulsa- 
tion. Nothing pathological between bone and dura, no injury to bone. 
On opening dura marked injection of the superficial vessels of the 
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brain. A puncture of the brain in various directions sliowed nothing. 
Dressing applied. Patienf died on December 6. At post-mortem exam- 
ination in addition to other conditions there was found in the left 
frontal lobe, principally under the first orbital convolution, a point of 
softening the size of a walnut. The softening of the brain substance 
had evidently been caused by the dark red blood clot which was found 
at this point. 

Case 20. Duret. Semaine med. Par., vol. ii, p. 119, 1891. Butcher 
.was thrown from wagon to the ground; he was able to get back to his 
feet and continue his pursuit, but suffered pain in left parieto-occipital 
region. On isth day headache became very intense and produced a 
complete aphasia. Consciousness not impaired. Motor aphasia com- 
plete. Trepanation revealed a clot beneath the dura mater. Removed 
about two teaspoonfuls of blackish fluid. Could say yes and no on 
fourth day, continued to improve, dismissed entirely restored. Unfortu- 
nately on 23d day, after copious libations, he was attacked with severe 
cerebral congestion and died in convulsions. 

Case 21. Starr. Brain Surgery, p. 107. Patient, age 26, since 
injured with penknife unable to find words. After fourteen days dis- 
turbance of speech increases, and the pains in wound increase. Trepana- 
tion. Knife had penetrated dura and brain; dural wound was en- 
larged and black blood detritus removed. Rapid improvement. Com- 
plete recovery. 

Case 22. Hulke. Seydl. Antisept. und Trepanat., p. 48. Case of 
trauma ; transitory unconsciousness ; worked for two days. During 
course of fourteen days dizziness and impaired speech developed; a 
few days later unconsciousness and paralysis of right extremities, 
abolition of reflexes; in a few days more spastic rigidity 'and convul- 
sions of left arm. Trepanation. Incision on right side; discharge of 
Ijrownish red fluid ; one hour later consciousness returned. Went back 
to work in eight weeks. Case of collateral hemiplegia with operation 
on same side. 

Case 23. Ceci. 1887. Schsedeltrepanation be, Hemiplegie und 
Koma. Deutsche Med. Ztg., vol. ix. No. 40, p. 439. Injury to right 
upper parietal region. Paraplegia followed two months later, and then 
complete left-sided hemiplegia; deviation of tongue to right side ten 
days later, disturbance of speech, involuntary micturition, coma. Prob- 
able diagnosis, cerebral abscess. Trepanation. Revealed free extravasate 
of blood under dura mater ; puncture of brain substance failed to re- 
veal abscess. Gradual complete recovery. 

Case 24. Fletcher. 1896. Peoria Medical Record, vol. i, p. 248. 
Patient fell seven feet, striking back of head, imconscious for one hour, 
slight bruise over center of occipito-parietal suture of left side. Re- 
covered sufficiently to eat his breakfast and go to work. Had some 
delusions of sight, which increased, until he gave up his situation and 
retired to his farm. In six months memory greatly impaired as to 
locality; visual delusions, stupor, coma, with respirations at five per 
minute and indications of immediate death. Trephined over seat of 
injury, dura bulging through the. opening, div^ed the dura, about one 
ounce of bloody serum escaped, followed by immediate relief, respira- 
tions, pulse and temperature becoming normal. The patient sat up 
next day and has continued in good health since, now four years. 

Case 25. Guerry. igo6. Jour. South Carolina Medical Associa- 
tion, vol. ii, p. 328. Patient was struck with knife blade over the left 
Rolandic fissure. Blade removed at once and no symptoms beyond a 
transient hebetude. Went to work next day. Twenty-one days after 
receipt of injury he noticed that he was losing use of right arm and 
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leg ; four days later profound coma ; pulse 40, temperature 98, respira- 
tions 10, with complete paralysis of right half of body. At operation 
a large subdural clot was found over left Rolandic fissure. Recovery 
slow. 

Case 26. Dawbarn, in discussing Kiliani's paper, Case 8, referred 
to a case which received a blow on the right side of the head. The 
following week the patient became somewhat irritable. Later he devel- 
oped a partial left hemiplegia and left facial paralysis. Patient con- 
tinually placed hand over right side of head to indicate where struck. 
Trephined on right side, but nothing was found. Patient died two' 
days later. Autopsy revealed large blood clot over left motor area on 
side paralyzed, between the dura and the skull. Haemorrhage was 
apparently the result of contrecoup. The brain and medulla were sub- 
mitted to Dr. Gray, who reported it was one of the rare cases where 
the motor fibers had not crossed, but gone down straight, each on its 
own side of the medulla and cord. 

Case 27. Boyd. Clinical Societies Transactions, London, vol. xxv, 
p. 157. ]Male. Age 40 years. Fell from horse March 31, 1901. 
Stunned and carried home in a cart. On reaching home, twenty min- 
utes later, was conscious and walked upstairs. Diffuse swelling over 
left side of head and forehead. Was kept in bed for a fortnight, com- 
plaining chiefly of headache. Returned to business April 21. On June 
18, his headache returned and he noticed difficulty in writing and 
could not carve or button' his coat. With his eyes closed he was in- 
clined to walk to the right. From time of injury had loss of sense of 
smell. On June 22 the patient was confused and dull. No tender spots 
on head. The movements of the right arm could be performed but 
were weak. Tactile sense normal. Walked fairly but could not go up- 
stairs well with right leg. Increased knee jerk on right side. Sight 
good. Disc normal. Pupil symmetrical, react to light and accommoda- 
tion. Cranial nerves normal. June 25, right arm almost completely 
paralyzed. Right leg weak. Some rigidity of right arm and leg. Right 
eye congested, pupil contracted, and lid drops. Patient now had pain 
over left parietal region, increased by pressure. By June 28, patient 
had become comatose and the leg was completely paralyzed. Trephined 
on the left side over the middle of the fisure of Rolando. There was 
a possible linear fracture, but this was uncertain. Dura bulged 
markedly. No pulsation. On incising dura a grayish yellow surface 
was exposed. It was supposed to be the brain surface with pus be- 
neath it. On incising this 4 ounces of dark red clear fluid escaped. 
(The collection was called a cystic clot. It seems probable that a layer 
of plastic lymph had been incised instead of the brain surface.) A 
drainage tube was placed in the cavity. At 11 p. m., patient said. 
"Good evening, Doctor," and immediately became again unconscious. 
During the night he roused up and talked incessantly. June 29 pa- 
tient improved. Could move both arras and legs. By July 8 patient said 
he felt well. He was up July 29. On August 15 was seen by doctor. 
On August 27 he seemed to be entirely recovered. 

'I 

BLOOD CYST. 

Case 28. Taylor ancL Ballance. London Lancet, 1903, vol. ii, p. 597. 
Male. Age 34 years. In February, 1902, fell, striking right side of head 
against a stone. He returned home and was unable to work that day. 
Some three months after patient suffered from headache. Headaches 
gradually grew worse and by July 10 patient had difficulty in walking 
and was becoming dull mentally. At this time there was marked weak- 
ness in left arm and leg. Pain continued in head. At this time some 
blurring in right optic disc vvas noticed. Admitted to hospital and re- 
mained a month. At that time was considered insane. Returned in 
August and the presence of optic neuritis led to a diagnosis of tumor 
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of brain, the variable character of the paralysis of the left arm sug- 
gesting a fluid tumor, possibly an abscess. He was admitted to hospital 
August 20, 1902. His general health was much deteriorated, loss of 
memory for recent events, and gait irregular and swaying. Deep re- 
flexes were exaggerated on the left side. Optic neuritis with retinal 
haemorrhage existed on the right side. Headaches were intermittent. 
Diagnosis, cerebral tumor in the right frontal region. Operations were 
in three stages, September i, September 6 and September 18. At the 
latter operation there was a temporary ligature of the internal carotid 
artery. A bone flap sJ^ inches anteoposteriorly by 4^4 inches vertically 
which had previously been made was turned ^back. A cystic tumor 
lying behind the dura but not adherent to the brain was removed. It 
was not connected with any main vessels. The cyst on removal meas- 
ured 7 inches in length, 45^ from above downward, and i]^ in thick- 
ness. The bone flap was replaced and sutured. The patient was dis- 
charged January 15, 1902. He seemed to be in perfect health on 
May 26. 
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Calcification of Fibromycmata of the Uterus. 

By IRVING LUDLOW, M, D., Cleveland. 

(From the Department of Surgical Pathology, Western Reserve 
University.) 

Extensive calcification of fibromyomata of the uterus seems 
to be of sufficient infrequency to merit the report of the follow- 
ing case which occurred in the service of Dr G. W. Crile, through 
whose courtesy it is presented. 

The patient, aged 53, single, was admitted to Lakeside Hospital Aug. 
24, 1905. The family history had no bearing on the case. 

Previous History: Patient had scarlet fever at six years of age, 
typhoid fever at 10 years and acute rheumatism at 30 years. Menses 
were always regular and normal in amount and duration. Patient was 
never very strong during the period of middle life. 

Present Trouble: Two years ago (1903) she first noticed a tumor 
mass in the lower abdomen. It slowly increased in size, the growth 
being accompanied by some pain in the back and constipation, but no 
other symptoms. 

Operation: On Aug. 25, 1905, an abdominal hysterectomy was per- 
formed. The patient made an uneventful recovery. 

Pathological Report: The specimen (Fig. 1) consists of the uterus 
and tumor, weighing together, 900 grammes. The upper portion, com- 
prising four-fifths of the entire mass, measures 14 x 10 x 7 cm. It is 
very nodular and feels like a calcified mass. The nodules are of varying 
size and are white in color. The anterior surface is more nodular than 
the posterior, the peritoneal covering being very adherent to the nodules. 
The lower portion, consisting of the uterus and smaller nodules, measures 
6x6x6 cm. At its upper border are the tubal openings. This portion 
is also nodular but not so hard as the upper part. The peritoneal covering 
is also less adherent. The external os can be seen slightly posteriorly. 
A cross section of the tumor, made with a saw, presents white, irregular 
areas of calcification, which, with the included soft tissue, forms a coral 
like structure (Fig. 2). 
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Microscopic Examination: A section from the soft portion of the 
tumor mass is composed of fibrous and muscular tissue, irregularly dis- 
tributed. In some portions the fibrous tissue predominates, while in other 
places the muscle is in excess. For the most part the tissue stains well, 
but certain parts show varying degrees of hyaline degeneration. The 
blood supply is very deficient. 

In a section from the hard portion of the tumor no distinct muscle 
fibers can be seen, these probably having undergone fibrous change and 
then hyaline degeneration. There are a few faintly staining connective 
tissue fibers, but for the most part this tissue has also undergone hyaline 
change and necrosis. Here and there throughout the section are irregular 
areas, which stain a diffuse bluish-violet color with hematoxylin, the 
areas of calcification. No blood-vessels can be recognized and no bony 
structure is found in the section. 

Chemical Report: Dr H. D. Haskins examined a portion of the 
calcareous mass, chemically, and found that the ash amounted to 32% 
of the weight of the moist tissue. Qualitative testing of the ash showed 
a large quantity of calcium phosphate and a little calcium carbonate with 
a very slight trace of magnesium. This agrees with Wells', who states 
that the composition of the inorganic salts in calcified areas in the body 
seems to be practically the same, if not identical, whether the salts are 
laid down under normal conditions (ossification) or under pathologic 
conditions, viz. : 

Mag. phosp. Calc. carb. Calc. phosp. 
Pathologic calcification (Human 

tuberculosis) 1.2 10.1 87.8 

Normal ossification (Human bone) . 1.S7 10.1 87.4 

Report of X-Ray Findings: The shadow made by a thin section of 
the calcified tumor was very dense (Fig. 3), while with rays of the same 
penetrating power, bones of the finger, taken for comparison, showed only 
a slight shadow. No bony structure could be observed in the section 
submitted to the X-ray examination. My thanks are due to Prof. Harry 
Hower, of the Carnegie Institute, Pittsburg, Pa., for the X-ray plate. 

A review of the writings upon this subject from the time 
of Hippocrates is given by Everett' who found only 51 cases 
mentioned; and of these it is questionable whether 18 of them 
are not reproduced with alterations, leaving only 33 well au- 
thenticated cases. 

The earlier cases were sir^ply reported as uterine stones, 
thus Hippocrates relates the case of a Thessalian maid of 60 
summers, who during her younger years suifered great pain dur- 
ing intercourse. No complete history of the case is given but 
we learn that the patient, after having partaken freely of leeks, 
was seized with intense uterine pains, after which she was de- 
livered of a rough stone the size of a child's head. 

Louis ' in 1753 had collected 18 cases. Velpeau reported 
three cases. De Coze removed a calcified fibroid with obstetric 
forceps, the operation being followed by fatal hemorrhage 
Saxinger' found a stone the size of a child's head which with 
much difficulty, he seized with forceps and delivered, producing 
extensive lacerations which resiilted in peritonitis and death. 
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Bohm of Gunzenhausen, obtained a calcified fibroid weighing 
five kilograms, from the body of a nulliparous woman, who had 
died of marasmus. This tumor was encapsulated in the left 
abdominal region; it measured 13 inches in its longer and eight 
inches in its shorter diameter. The texture was so dense and 
compact as to be susceptible of a high polish. It was of a pure 
calcareous nature, the organic tissue having been entirely ab- 
sorbed. Its external portion was not so dense as the center. It 
had encroached upon the bladder to such an extent that it caused 
the deposit of a calculus in that viscus. 

E. E. Montgomery/ in 1880, reported a case of multiple 
uterine fibroids partially calcified. Since that time cases have 
been reported by Potter,° Upshur,' Wright,* Baer," Gushing"" 
Edebohls," Gavaillon," Alouchet," Withrow," and Hallopeau." 

Tracey'" made a study of the degenerative complications and 
associated conditions in 3516 cases of fibromyomata of the uterus. 
He found that about 35% had undergone some form of degen- 
eration. Galcareous changes were found in 123 cases or 3.4%; 
although no report is made upon the extent of the process this 
number doubtless included all degrees of degeneration. An ex- 
amination of the Lakeside Llospital pathologic material and re- 
cords of 210 cases of fibromyomata of the uterus shows three 
cases of calcification. In one case. there was a single, completely 
calcified, submucous mass about three cm. in diameter, the second 
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showed a few small isolated areas of calcification and the third 
is the case reported in this paper. 

In analyzing the etiologic factors of calcification we must 
consider the following: (1) The calcium salts must come from 
the blood, where they are held in solution or in suspension by 
the proteids, either as the carbonate and phosphate, or as cal- 
cium-ion-proteid compounds or perhaps both. This suspension, 
or solution, is in an unstable condition possibly only because of 
the extremely small portion of calcium in the blood (about 
1 :10,000) which renders it liable to be overthrown. (2) There 
must be retrogressive changes in the tissues. Calcification never 
occurs in normal tissue except in the formation of bone. Fib- 
romyomata may undergo hyaline, fatty or waxy degeneration, 
all of which are favorable to the deposit of lime salts', as is also 
necrosis, especially when absorption is deficient. Most investi- 
gators favor the theory of the formation within the degenerated 
area of certain substances as phosphoric acid, fatty acids and 
certain proteids which have a special affinity for calcium. When 
this calcification occurs in local areas, e. g. in the submucous 
fibroid, we have formed the so-called womb stones. In some 
cases the deposit commences in the center of the tumor and ex- 
tends outward, more rarely in the external layers so as to form 
a shell around the tumor. On account of interference with 
nutrition, calcification of one portion of a tumor may be accom- 
panied by suppuration in other portions. Finally the process 
may be so extensive that the tumor can be cut with a saw and 
the cut surface polished, more usually, however, it is incomplete 
and forms a coral-like skeleton. 
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A SIMPLE METHOD OF ESTIMATING THE COMMON 
VARIATIONS AND DEFORMITIES OF THE FOOT/ 

By Henry O. Feiss, M.D., 

ASSISTANT SURGEON TO THE OUT-PATIENT DEPARTMENT OF THE LAKESIDE HOSPITAL, 

CLEVELAND, OHIO. 



Present Methods of Studying the Foot. There is no part 
of the human body so subject to deformities as the foot, yet -there 
is no part of the body of which the estimation of deformities is so 
inaccurate and vague. The most common deformity that we see 
is flat foot, yet the diagnosis of flat foot, so far as its physical signs 
go, rests on the most ambiguous basis, and in attempting to teach 
students what we mean by the term, we seldom are able to present 
a convincing and definite picture. The only method which pretends 
to any accuracy at all is that of taking a print of the bottom of the foot. 
The deductions thus made are dependent on the extent with which 
the sole of the foot touches the underlying surface. Then the shape 
of the print is supposed to be an index of the lowering of the arch. 
I see little value in this method. In the first place, the print of the 
foot only represents the imprint of the skin of the sole. If a foot 
happens to be fleshy or swollen, it naturally makes a broader impres- 
sion, and thus seems to connote a lower arch than when a foot is 
thin and not swollen. Again, a foot which may be very flat may make 
an almost perfect print, so called, if its arch has not been lowered 
quite enough to be represented properly in the print. But even if 
one admits that this method does aid in diagnosis in extreme types 
of the disorder, it adds nothing in estimating the amount of lowering 
of the arch in those types which are intermediate. Therefore, in 
the last few years I have sought for a more definite basis for compre- 
hending certain deviations, with special reference to the estimation 
of the height of the arch; the aim of this paper is to suggest such a 
method. 

The Estimation of the Deformity in General. In examining 
the malformations of the body there is no process more valuable 
than that of studying the relationship of bony landmarks to one 
another. In fractures of the wrist and of the ankle the relation- 
ships of the ends of the long bones are of extreme importance. A 
splendid example of valuable relationships is N^laton's line. I 
may further call attention to such important methods as Bryant's 
triangle and Meyer's line. These simple geometric methods can 
hardly be omitted for a clear and proper elucidation of the deformity. 

The Selection of Bony Landmarks of the Foot. In the case 
of the foot no such method has ever been advanced, so far as I know, 

1 This paper represents the* substance of a monograph which the author is preparing, in 
which the work will be presented in greater detail. 
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and with this in mind I have selected certain landmarks for study. 
The ones chosen are the lower posterior corner of the internal malleo- 
lus, the tubercle of the scaphoid bone, and the lower tubercle on 
the head of the first metatarsal. The reason for selecting these 
particular landmarks will be more evident as we proceed. Before 
advancing, let me briefly examine these landmarks, as it is abso- 
lutely essential that the observer know definitely just what part 
of the skeleton his finger touches in the examination. Fig. 1 is 
a wash drawing of a disarticulated skeleton which brings into 
exaggerated relief the landmarks in question. 



.11 J"' Mttotuj-iu. 
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Fig. 1, — The position of the bony landmark^^ under consideration. 

The Lower Tubercle of the Head of the First Metatarsal Bone. In 
examining the head of the first metatarsal bone in the disarticulated 
skeleton, we find on its inner aspect two ridges separated by a groove. 
Each of these ridges ends posteriorly in a prominent tubercle. The 
upper tubercle does not concern us; the lower one is sharp, and is 
the one which applies to the present series of observations. 

The tubercle of the scaphoid bone is best seen by looking at the 
scaphoid bone from above. It will then be apparent that the whole 
internal surface of this bone forms a ridge. The apex of this ridge 
is the so-called tubercle, being, in fact, the most prominent bone 
palpable. The t-endon of the tibialis posticus ends close to this 
tubercle. 

The Posterior Inferior Corner of the Internal Malleolus. As seen 
in the sketch, and as will be apparent on examining the skeleton, 
the internal surface of the tibia is bounded at its lower end (internal 
malleolus) by three edges — an anterior, an inferior, and a posterior 
edge, ^^^lere the posterior edge strikes the inferior edge a sharp 
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corner can always be felt. If we run our finger over the part in ques- 
tion we simply determine the most inferior posterior corner of the 
internal malleolus as thus evidenced. 

Changes in the Skeleton of the Foot with Weight-bearing. 
The investigation of the foot differs from that of the other parts 
of the body in one respect — that the relationship of the bones becomes 
altered with weight-bearing. Their alteration is necessarily, the 
first study which most concerns us. As similar studies have been 
made by other observers, I shall confine myself to the change in the 
relationship of the landmarks in question. 

According to the literature,^ the view seems pretty well established 
that when weight is borne the scaphoid travels downward and 
inward. The downward displacement is, for our purpose, the impor- 
tant thing. In the study of six living feet which I radiographed, 
with and without weight-bearing, I marked the posterior inferior 
corners of the tibia, the head of the first metatarsal, and the scaphoid. 
(The external landmarks selected cannot be accurately identified 
in the Rontgen pictures.) I then drew a connecting line between 
the point marked on the internal malleolus and that on the head 
of the first metatarsal. Figs. 2 and 3 illustrate one of these cases 
and show that in weight-bearing the scaphoid becomes distinctly 
depressed with respect to the connecting line. However, as these 
points on the Rontgen pictures, do not exactly correspond to the 
external landmarks which I selected (earlier described), I marked 
these landmarks with and without weight-bearing and photographed 
the feet (Figs. 4 and 5). These pictures point to a similar but more 
practical conclusion, that in weight-bearing the scaphoid becomes 
depressed with respect to the line connecting the lower posterior 
corner of the internal malleolus with the lower tubercle on the head 
of the first metatarsal. 

It is, therefore, evident that in selecting the scaphoid bone, I 
have taken a part of the foot very susceptible to change in weight- 
bearing, and on a basis of the above observations and others,' not 
described in this report, I may state that the weight-bearing foot 
differs from the non-weight-bearing foot according to a definite rule. 
This rule is that in weight-bearing the scaphoid descends, as meas- 
ured from the base line as established above. 

The Study of the Position of the Scaphoid Tubercle in 
One Hltndred Young Male Adults. After having studied the 
anatomical data above described, I examined a number of apparently 

2 G. H. V. Meyer, Statik und Mechanik des menschlichen Knockengerustes, 1873, and 
Statik und Mechanik dea menschlichen Fusses, 1886; John Dane, Trans. Amer. Orth, Assoc., 
1897; Golobiewski, Ztschr. f. orth. Chir., 1894; Lovett and Cotton, Trans, Amer. Orth. 
Assoc, vol. xi; Bradford and Lovett, Text-book of Orth. Surg., second and third Editions; 
Whitman, Orthopedic Surgery; and Quain's Anatomy. 

3 In the monograph another method of measuring the excursion of the scaphoid in weight- 
bearing is described This consists in using the angle which it forms with the vertical dropped 
from the internal malleolus. The results so obtained confirm the main observation 
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healthy individuals with reference to these points. The individuals 
chosen for the observation were young male adults from the evening 




Fig. 2, — Rontgen picture of a foot without weiglit-bearing; c, marks the posterior inferior 
corner of the head of the first metatarsal; a, the posterior inferior corner of the internal 
malleolus, and b, the posterior inferior corner of the scaphoid. A vertical line is erected from 
h to a-c. 




Fig. 3.- 



-Rontgen picture of the same foot as in Fig. 2 with weiglit-bearing. The same points 
are marked. Note the increased distance of b from the connecting line. 



gymnastic class of the Cleveland Young Men's Christian Association. 
The men were taken as they came along, and no questions were 
asked. It may be assumed that such a gymnasium would furnish 
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Fig. 4. — Photograph of the same foot as in Figs. 2 and 3, without weight-bearing. The 
posterior inferior corner of the internal malleolus, a, is connected with the lower tubercle 
on the head of the first metatarsal, 6, by a line; c, represents the scaphoid tubercle. 




Fig. 5. — Photograph of the same foot as in Figs. 2, 3, and 4, with weight-bearing, 
increased distance of the scaphoid tubercle from the connecting line. 



Note the 
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a representative group of healthy young men who conduct the 
ordinary affairs of life. 

In order to make proper observations, a standard method of 
estimation had to be applied. A wooden box was constructed, 
consisting of three sides — a base, a posterior side, and a lateral side. 
Its dimensions were 12 x 12 x 5 inches. The box was placed on the 
seat of an ordinary chair. The right foot was used. The subject 
stood on the floor with the left foot straight and the right knee bent. 
Then the right foot was placed in the box, the calf just touching the 
upper edge of the box, and the heel resting in the corner (Fig. 6). 




Fig. 6. — Position of the foot in tlie box. 



The weight of the body was therefore chiefly transmitted through 
the left leg. In this way the foot could be examined in a definite and 
uniform position without weight-bearing. The points marked were 
those landmarks earlier discussed — the posterior inferior corner 
of the internal malleolus, the tubercle of the scaphoid, and the 
lower tubercle of the first metatarsal. The distance of the scaphoid 
tubercle from the line connecting the internal malleolus with the 
lower tubercle of the head of the first metatarsal was measured 
as follows: A thin transparent celluloid rule provided with a scale 
(Fig. 7) was applied to the foot so that its upper edo^e coincided 
with the dots on the head of the first metatarsal and on the corner 
of the internal malleolus. Then the dis.tance of the tubercle of the 
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scaphoid from the edge could be read through the transparent rule 
by means of the scale (the corners of this rule were cut off so that 
they would not interfere with the sides of the box). 

Summary of Important Results. The average age of the one 
hundred young men was found to be 21.6 years, the youngest being 
seventeen and the oldest thirty-four years. The average distance 




Fia. 7. — The transparent celluloid rale used for determining the distance of the scaphoid 
tubercle from the connecting line (reduced one-half). 

of the tubercle of the scaphoid from the line connecting the internal 
nialleolus with the lower tubercle of the head of the first metatarsal 
was found to be 0.49 inch. 

These results, though interesting, are of less value than the results 
obtained by arranging the cases in a series graded according to the 
lowering of the scaphoid tubercle. In the following table the cases 
were grouped in this fashion.* 



Distance of the 
scaphoid tubercle 
from the hne con- 
necting the internal 
malleolus with head 
of first metatarsal. 


Num- 
ber of 
cases. 


Distance from 
scaphoid 
tubercle to 
internal mal- 
leolus. 


Horizontal dis- 
tance of the 
tubercle from 
vertical line 
dropped from 
. internal 
malleolus. 


Sine of angle 
formed by line 
connecting the 
scaphoid with 

internal mal- 
leolus and the 

vertical line. 


Angle. 


Deg. 


Min. 


Inch. 



2 


2.03125 


1.71875 


0,8461 


57 


47 


rV 


2 


1.87S 


1.53125 


0.8166 


54 


45 


i 


6 



11 


2.0875 


1.7 


0.1843 


54 


31 


i 


2.1136 


1.6843 


0.7956 


52 


43 


A 


3 


2.0625 


1.6458 


7979 


52 


56 


f 


15 


2.1666 


1.6833 


0.7769 


50 


58 


t\ 


2 


2.0625 


1.5 


0.7272 


46 


39 


i 


19 


2.2039 


1.6052 


0.7283 


46 


45 


A 


3 


2.1666 


1.5625 


0,7212 


46 


9 


f 


18 


2.125 


1.5277 


0,7189 


45 


58 


li 


1 


2.0 


1.4375 


0.7187 


45 


57 


i 

1 ii 


15 

1 

3 


2.3 


1.5 


0.6521 


40 


42 


? 

16 


2.375 


1.5 


0.6315 


39 


9 


lis 
1 


2.5 
2.15 


1.666 


0,6666 


41 


48 


Average 




1.59 


0.7390 


47 


40 



* Only the first two columna apply to the present text, but the other columns may be 
of interest. 
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The table shows that there are only nine cases in which the tubercle 
is less than one-fourth inch below the line, and only four cases m 
which it is more than three-fourths of an inch below the line. There 
fore, the great majority of cases show the tubercle depressed from 
one-fourth of an inch to three-fourths of an inch, which in itself 
is a large variation (one-half inch). 

CoNCLUSioxs FROM THE Table. In studying the table we must 
remember that when there is a large variation within normal limits, 
conclusions based on only one hundred cases are of slight value; but 
the object of the observations was to determine the nature of the 
variation rather than its average extent. The important point is 
that the height of the arch as measured by its index, the tubercle 
of the scaphoid, does show this marked variation. This variation 
in a series of non-weight-bearing feet suggests the rule which applies 
to the individual foot with weight-bearing. In other words, the 
physiological variation (so far as the scaphoid tubercle is concerned) 
during weight-bearing function of the individual foot, is a pro- 
totype of the anatomical variation of a group without weight-bearing. 
This conclusion is one which has always been understood by the 
anatomists. It is simply a perhaps novel method of checking off 
the older observations; but the main question which is still open is, 
^^^lat is the normal foot ? "\^^lat kind of a foot are we to use on which 
to base the estimation of a deformity, and in what should a diagnosis 
of a pathological foot consist ? These and allied questions require 
careful consideration, and to this I shall now proceed. 

The Average Foot. It was found that in one hundred cases 
the average depression of the tubercle of the scaphoid from the 
connecting line was about one-half an inch. As earlier stated, one 
hundred cases are too few on which to base a fair average. But 
even if thousands of cases had been used it would be fallacious to 
reason that all feet in which the scaphoid tubercle is higher than 
the average, are normal, and all feet in which the tubercle is lower, 
are abnormal, because the average is obtained just as much from 
the figures below as from the figures above. Moreover, the chief 
point shown in the hundred cases is that there is marked variation 
in the height of the scaphoid in apparently healthy feet. Conse- 
quently, as the average is based on that variation, it has no signifi- 
cance further than what the term indicates, representing simply 
an average of normal variation. Such an average, therefore, can- 
not serve as a basis from which to estimate deformity. 

The Normal Foot. The problem is not what is the average, 
but what is the extent of variation which we have a right to expect 
in the normal physiological foot? In attempting to answer this 
question we deal with a problem in classification, the same problem 
which necessarily presents itself in the study of any series of graded 
objects. Given a series of objects animate or inanimate, which 
differ from one another only to a slight extent, it is impossible to 
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state just where we should draw the Hne dividing one group from 
another. If we take one hundred shades of color, say yellow, and 
arrange these shades in a graded series from a light yellow to a brown, 
the differences between the individual shades which are placed 
next to each other are so slight as not to be detectable. Yet if we 
compare the beginning with the end of the series, the difference is 
very striking. The same holds good in a given structure in the 
human body in which the individuals are arranged in a series accord- 
ing to the variations in that particular structure. If we take one 
hundred feet and arrange them in a series with reference to a given 
point, such as the height of the scaphoid tubercle, and attempt to 
base a classification on that variation, it is impossible to state where 
the normal variation ends and where a deformity begins, although 
the two extremes of the series are strikingly different. This, then, 
is our problem; the difficulty in dividing the series is apparent; there 
is no natural dividing line in this arrangement which can be used 
to define the limits of normality. I did, to be sure, find that the 
great majority varied between one-fourth and three-fourths of an 
inch, yet I can lay no stress on these figures, because it is evident that 
if more than one hundred subjects had been used, the gaps between 
the figures would have been filled up. Nevertheless, as will be seen, 
such an arrangement in a graded series is of considerable importance, 
even if the dividing line between the normal and the pathological 
does not exist, because this method will help to organize our knowl- 
edge on the subject. 

The "Type" Foot. It has been shown that the average foot 
is not a fair basis from which to estimate a deformity, and that it is 
not possible to make a sharp distinction in the series for purposes 
of classification. What, then, is a sensible method for systematizing 
our views ? The only course which remains is to make an artificial 
distinction between the normal and the abnormal, but an artificial 
distinction which is not only practical, but which has a reasonable 
theoretical basis. If we study the table of the one hundred cases, 
we note the two extremes of the series, namely, the one extreme, 
in which the tubercle is not depressed at all, and the other extreme, 
in which the tubercle is depressed one inch. There can be no two 
opinions as to which extreme approximates more closely the physio- 
logical foot. There can be no doubt that the foot in which the 
tubercle is near the connecting line is a better foot than the foot in 
which the tubercle is one inch below the line. The reasons for this 
are twofold. 

In the first place, as has been shown, the ordinary foot without 
weight-bearing has its tubercle higher than the same foot with weight- 
bearing. Now, we certainly know that the foot without weight- 
bearing has a greater strength and greater efficiency than the foot with 
weight-bearing, because the power of the former is not yet expended. 
On the other hand, the foot with weight-bearing is in a static position 
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in which part of its power is already used; consequently, a weaker 
foot for further purposes than the foot which has not expended its 
power. It seems, therefore, that, other things being equal, the 
higher the scaphoid tubercle is, the greater the efficiency of the foot. 
Consequently, if we see a large number of feet all under the same 
static conditions, that is, all without weight-bearing, and find this 
variation of elevation of the scaphoid tubercle, it must mean that 
those feet in the group with the highest scaphoid (of which the 
prototype in the individual is the non-weight-bearing foot) must 
approximate the highest functional extreme. 

In the second place, it is apparent from what has come before, 
and also from a number of healthy feet in which I studied the func- 
tional power (besides those used in the present investigation), that 
all those feet in which the tubercles were high with respect to the 
connecting line presented high arches and high insteps. It is, I 
admit, very seldom that the tubercle falls exactly on the line, but 
quite a few fall very close to it, either just above or below. All feet 
which showed this property I have found to be extremely well formed. 
In addition to the elevated arch and high instep, the proportions 
were extremely attractive and corresponded to what an art critic 
would deem a beautiful foot, ^^^ly is it that the artist considers such 
a foot beautiful? Simply because, as part of the body, it seems well 
adapted to carry on its functions. From his point of view, it is a 
more graceful thing than when it is not so well adapted. It is, there- 
fore, plain that the commonly acknowledged beautiful foot is not 
acknowledged so because some men happened by chance to call 
the thing beautiful, but simply because it is the natural kind of 
foot which seems best fitted for its purpose. In short, both from the 
point of view of the physiologist and from the point of view of the 
artist, the foot with the high arch expresses strength and adapta- 
bility to function. Therefore, such a foot connoting strength and 
suggesting beauty, coming naturally at the extreme of a carefully 
selected series, must have some significance. Why not select this as 
an arbitrary type, remembering, of course, the method by which the 
type was chosen ? If we do this, and bear in mind that it is only an 
artificial selection, we have a fair starting point on which to base 
our estimation of deformity. Even if it is asserted that such a method 
is not completely scientific, it is at least reasonable, certainly more 
reasonable than having no method at all. A fairly good typical 
foot is illustrated in Fig. 6. 

The Estimation of the Deformity of the Foot. Let me, 
therefore, suggest the following rule for estimating the deformity 
of the foot : Other things being equal, the foot is deformed in direct 
ratio to the deviation of the scaphoid tubercle from the line connect- 
ing the lower tubercle on the head of the first metatarsal bone with 
the lower posterior corner on the internal malleolus. Now, I am 
careful to state, "other things being equal," because I believe 
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that no estimation is of the slightest value without considering these 
other things. In any problem of this sort we have no right to take 
one physical sign by itself and make our estimation on that sign alone; 
we must always consider that point in relation to other clinical evi- 
dence. In flat foot, for example, we may have a number of con- 
siderations before us — the abduction of the foot, the pronation of the 
ankle, the prominence of the internal contour, etc. All these things 
may be correlative to the lowering of the scaphoid tubercle; if they 
are, we are probably dealing with a pathological foot, but if they 
are not, we must consider the relative value of each piece of evi- 
dence, depending in each case upon the individual circumstances 
of that case. I believe that the lowering of the arch is an important 
point in considering the deformity and that the best index for 
estimating the lowering of the arch is the scaphoid tubercle, but 
that is all the farther I am willing to go. A lowered arch does not 
necessarily mean a deformity, it simply means a variation; but a 
badly lowered arch ' means deformity, and what is bad we must 
determine in the individual case. As will be shown (Case V), a 
foot may be very abnormal even if the tubercle is above the con- 
necting line. The other physical signs in such a case are more 
pathognomonic than the height of the tubercle. 

The Consideration of the Size of the Foot. With regard 
to the application of the rule to individuals of different size and age, 
I believe that its language is sufficiently broad to cover all ordinary 
cases, provided that one uses reasonably good judgment in the 
individual. Of course, an equal lowering of the scaphoid tubercle 
in two feet, one large and the other small, would necessarily be of 
greater significance in the latter. Thus a depression of the tubercle 
of three-fourths of an inch in a six-year-old child is of greater con- 
sequence than an equal depression in an adult. 

The Definition of Flat Foot. It has been shown that the 
variation within normal limits in a group of feet is similar to the 
normal change in the individual foot with weight-bearing. From 
this it was naturally inferred that the more depressed a non-weight- 
bearing foot is, the less it is able to change with weight-bearing, 
and consequently that such a foot has lost part of its latent strength. 
Reasoning from this, I showed that a sensible classification could 
be made if we regarded such a foot as typical of highest function 
and beauty which most closely resembled the healthy non-weight- 
bearing foot, namely, one in which the tubercle is close to the con- 
necting line, providing no other pathological sign co-exists. Flat 
foot, therefore, may be defined as a position of the bones, resem- 
bling that of physiological weight-bearing, which does not disappear 
when weight is removed, the amount of flattening being in the 
ratio of the lowering of the scaphoid tubercle. 

From the above, it is clear that if we are to take such a foot as 
typical of beauty and function as has been described, then we can 
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consider few feet well formed, and that we must regard the great 
majority of human feet as flat. This is true; but if we regard them 
in this manner we must speak of the great majority as physiologically 
flat, or, better, as anthropologically flat. They are only flat as based 
on the estimation from a type, the type being based on the considera- 
tion of the highest function and beauty, and consequently, of rela- 
tively rare occurrence. It therefore becomes clear that if only a 
few feet are best adapted to carry on their function from this point 
of view, and if the great majority of feet are more or less deficient 
as compared with the high standard that has been set, the diagnosis 
of flat foot can have little practical weight unless it connotes bad 
function and pain. If we consider an individual foot, and note that 
it is moderately flat, it does not mean that the foot is unable to carry 
on its function; it simply means that it might have been better 
if it were built more according to the type. If, however, there are 
signs of disability accompanying the signs of depression of the arch, 
such as pain and muscular spasm, then our diagnosis is established. 
We have a similar problem in the consideration of the physical 
signs of other parts of the body, for example in the consideration 
of hypertrophy of the heart. Hypertrophy of the heart may occur 
in apparently healthy individuals, and may not in itself cause symp- 
toms ; but once urge that heart to carry on functions beyond the power 
of compensation, and it loses its resistence to future dilatation much 
more readily than the heart which has not previously been hyper- 
trophied. 

From what has gone before, it is evident that the use of the bony 
landmarks of the foot as an aid to diagnosis must be made with the 
greatest caution. When one considers the extreme variation in the 
normal, when one considers the artificial manner of selecting one 
kind of foot as typical, one feels some hesitation in advocating 
the measure as an aid to diagnosis at all. Nevertheless, if the ob- 
server is careful, he may in many cases derive some value from such 
a method. But if he uses it, he can never lose sight of the value of 
the other points in diagnosis; he simply has one more physical sign 
to use as evidence. If he goes farther than this and bases his whole 
diagnosis on that one sign, he is likely to fall into grave error. 

Clinical Application of this Method. If one follows such 
a suggestion as has been made, that of estimating the variation and 
deformity of a foot from the artificial type, it is necessary that the 
estimation should rest upon a standard method of examining the 
patient. Such a "method has already been shown, namely, that of 
using a box of given dimensions, placing it at a given height, and 
using such a transparent ruler as earlier described. The only meas- 
ure necessary is that of the distance of the tubercle to the con- 
necting line. Simple as such apparatus is, even these things may 
be omitted for ordinary work. A method that I suggest is to let the 
patient stand on his one foot and to have him place the other foot 
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on an ordinary chair with the inner side of the foot facing the ex- 
aminer. The weight of the body must be transmitted through the 
leg which is resting on the floor. Then the landmarks may be marked 
with a skin pencil (a good skin pencil is a grease paint pencil such as 
women use for painting their eyebrows), and then a simple ruler or 
piece of string may be applied to the points marked on the internal 
malleolus and the head of the first metatarsal: From this the distance 
of the tubercle can easily be measured. This is all the accuracy that 
is necessary, and requires no further apparatus. If such a box is 
used as has been described, it may be used both for the left and for 
the right foot simply by letting the patient stand on his other foot 
and by inverting the box. This being the method, the simple rule is : 
Other things being equal, the foot is deformed according to the 
deviation of the scaphoid tubercle from the line connecting the 
lower posterior corner of the internal malleolus with the lower 
tubercle on the head of the first metatarsal. In oi'der to illustrate 
the practical applicability thereof, let me cite a few cases: 

I. Feet Showing Asymmetry with Reference to the 
Elevation of the Scaphoid Tubercle, (a) The Tubercle on 
the Unhealthy Side Lower than on the Healthy Side. 

Case I. — U. B., aged twenty-two years, by occupation a barber, 
was first seen at my office October 16, 1908. Three months ago the 
patient began to have trouble in his right foot after previous good 
health, this consisting in disability, pain, and swelling, and had 
grown steadily worse. There has been no history of injury. The 
left foot has not bothered him and has not become swollen. Examina- 
tion showed the patient limping on his right foot, which was in a 
position of abduction. There was swelling in the region of the 
internal malleolus. The skin was somewhat clammy to the touch, 
and the region of the swelling was bluish white. There was marked 
stiffness on inversion. Examination of the relation of the tubercle 
of the scaphoid to the line connecting the internal malleolus with 
the head of the first metatarsal showed it to be seven-eighths of an 
inch below. The tubercle of the left foot was found to be five-eighths 
of an inch below the connecting line. There was no swelling and no 
signs of spasm in the foot. 

It will, therefore, be seen that the lowering of the tubercle in 
this case, as compared with that on the other side, is correlative to 
other signs, but the amount of lowering is of considerable help, 
showing the anatomical difference between the diseased and the other 
foot. The diagnosis was acute flat foot (perhaps infectious) and 
irritated by occupation. 

Case II. — E. B., business man, aged twenty-four years, was 
first seen by me September 21, 1908. Several weeks ago he strained 
his feet playing tennis; before this time he had had little or no trouble. 
Now there was pain in the right foot, especially on use, and chiefly 
referred to the arch and the ball of the foot. Examination showed 
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the feet well developed, without spasm, swelling, or calluses. There 
was no redness and no tenderness. In the right foot, however, 
the tubercle was found to be seven-eighths of an inch below the 
connecting line, and in the left foot five-eighths of an inch below. 
The inner contour of the right foot bulged somewhat more than 
that of the left. 

It is then apparent that if the measurement was accurately made, 
a slight deformity was present as compared with the other foot, 
and it is plain that the plantar ligaments must have been weakened 
and stretched. 




Fig. S. — Case III. Osteosarcoma. Note the complete obliteration of the arch out of pro- 
portion to the amount of lowering of the scaphoid tubercle. 

Case III. — F. F., aged thirty-nine years, a laborer, was first seen 
at the Lakeside Dispensary August 10, 1908. One year ago the 
right foot began to swell and the patient noticed his arch lowering. 
The swelling became worse and the arch grew flat. He had some 
pain and limped. He was treated for flat foot. Examination of the 
foot (Fig. 8) showed marked swelling, including the whole tarsus 
from the ankle to the metatarsal region. The foot seemed completely 
flat. The bony landmarks could not be distinctly felt. What 
seemed to be the tubercle of the scaphoid was one-half an inch 
below the connecting line; that on the other foot was about one- 
fourth of an inch below the connecting line. 

Here we had an apparent incongruity of facts. There was bulffine 
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of contour, marked flattening of the arch, and marked swelling, 
whereas the tubercle, which, if it were a flat foot, should have been 
markedly depressed, was only one-half an inch below the line. A 
Rontgen picture was taken and showed plainly that a mass of bone 
and new tissue had formed and included the whole tarsal region. 
The diagnosis of osteosarcoma was made. The seemingly contra- 
dictory evidence was the reason for taking the Rontgen picture, 
because, if the arch were as flat as it seemed to be from inspection, 
the tubercle should have been much lower. 

(b) The Tubercle on the Unhealthy Side Higher than on the 
Healthy Side. 

Case IV. — M. G., a servant, aged about thirty-five years, was 
first seen at the Lakeside Dispensary October 19, 1908. The 
preceding April she sustained a fall of eight feet, landing on the 
sole of the right foot. The foot became swollen, and has disabled 
her since. She had been treated at another hospital by having the 
foot strapped. There had been some relief. The pain was chiefly 
on the outer side of the foot. Examination showed the right foot 
permitting almost no motion in inversion, but fairly good motion 
in dorsal and plantar flexion. The restriction of motion seemed to be 
chiefly due to mechanical bony interference rather than spasm. 
Some induration was to be felt under the malleoli and on the dorsum 
near the cuboid. The tubercle of the scaphoid on the affected side, 
the right, was one-eighth of an inch below the connecting line, and 
on the good side three-eighths of an inch below. A Rontgen picture 
was taken and showed a lesion of the calcaneo-astragalar joint, 
and signs of impaction in the astragalus with fusion of the calcaneo- 
cuboid joint. 

It seemed that in the original injury the astragalus had been 
crushed into the os calcis, indirectly injuring the cuboid. This 
anatomical lesion would explain very well the relative elevation 
of the tubercle of the scaphoid on the affected side, because the 
malleoli had been lowered by the crushing of the joint beneath, 
whereas the position of the scaphoid had not become altered. 

Case V. — M. K., a school boy, aged about twelve years, had infan- 
tile paralysis when a child, causing the present deformities. Exam- 
ination showed the left foot in the position seen in Fig. 9, with the 
dorsum very high, the toes markedly contracted, the dorsal flexors 
of the toes prominent, the arch extremely high, the ball of the big 
toe prominent, and the plantar fascia very tense. This kind of a 
foot is immediately recognized as a claw foot or non-deformipg 
club foot. The other foot was in equinus, so that it could not be used 
as a healthy foot for comparison. Measurement of the scaphoid 
tubercle on the claw foot showed it to be one-fourth of an inch 
above the connecting line, indicating the extreme elevation of the 
arch. 

The first three cases hardly require additional comment, except to 
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call attention to the fact that the measurement of the relative depres- 
sion of the scaphoid tubercle is of considerable help when making 
comparison with the other foot. In Case IV the reasoning trom 
these landmarks should have carried with it a diagnosis of fracture, 
even without a Rontgen picture. In Case V the tubercle is actually 
elevated above the connecting line. It might be thought that, 
according to our rule, in which it is stated that the foot is deformed 
according to the deviation of the scaphoid tubercle from the con- 
necting line, there would be confusion in distinguishing such a foot 
from the "type" foot, but this case brings out the point on which 
I laid special stress, namely, that other things have to be equal. 
Here, to be sure, the scaphoid tubercle is markedly elevated, and 




Fig. 9. — Case V. Claw foot (non-weight-bearing) from infantile paralysis. Note the eleva- 
tion of the scaphoid tubercle. 

would by itself suggest beauty and function, but the cause of the 
high elevation, the paralysis (namely, paralysis of the interossei), has 
also brought about coincidental deformities, that is, contractures. 
In other words, other things are not equal. There are pathological 
signs which make up for the height of the arch, and the co-existence 
of these other pathological signs and symptoms would prevent 
us from calling such a foot a "type" foot. 

II. Symmetrical Depression of the Scaphoid Tubercle 
These are the most common group of cases, and, of course, include 
the ordinary flat foot. 
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Fig 10. — Case VI. Flaccid flat foot of moderate degree (non-weight- bearing) in a subject 
aged ten years. The tubercle is f inch below the connecting line. 




Fig. 11, — Case VII. Rigid flat foot, marked (non-weight-bearing). The tubercle is one 
inch below the connecting line. 
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Case VI. — -F. M., aged eleven years, was seen at the Lakeside 
Dispensary, March 15, 1908, complaining of pain in both feet for 
some time. No swelling was noticed. Examination (Fig. 10) 




Fig. 12. — Rontgen picture of Case VII. The metal mark shows the position of the 
scaphoid tubercle. 




Fig. 13. — Severe valgus following infantile paralysis. The mid-joint represents not the 
tubercle of the scaphoid, but the head of the astragalus. 
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showed the feet long, lanky, and abducted. There was no stiffness, 
and the arch was apparently low. The tubercle of the scaphoid 
was about three-fourths of an inch below the connecting line on each 
foot without weight-bearing. A diagnosis of moderately flaccid 
flat foot was made. 

Case VII. — W. H. Five years ago this boy began to Hmp. His 
ankles and wrists became swollen. Since then he has stumped 
about with his feet in the same condition, and has had much pain 
and swelling. Examination (Fig. 11) showed marked valgus, 
abduction, and pronation of the ankles, which were swollen and 
bluish. On palpation the tubercles of the scaphoid were found to 
be very low, about an inch below the connecting line. The peroneal 
tendons were tight. There was stiffness in all directions. The 
patient toed out when he walked. In this case I placed a metal 
mark on the tubercle and took a Rontgen picture, which proved 
that this prominent point on the contour was really the tubercle 
(Fig. 12). A diagnosis of extreme rigid flat foot was made. 

Both these cases illustrate common types of flat foot and the rela- 
tive significance of the depression of the scaphoid tubercle as sug- 
gesting the severity of the deformity. 

It is, perhaps, worth while to call attention to a possible source 
of error. In very severe types of flat foot (as from infantile paralysis) 
the head of the astragalus twists so far inward as to suggest that 
its prominence is the tubercle of the scaphoid (Fig. 13). Experience 
and the study of the skeleton, however, will prevent the observer 
from being misled. 



[Reprint from The Cleveland Medical Journal, September, 1909] 



The Estimation of the Amount of Paralysis in Infan- 
tile Paralysis from the Point of View of Operative 
Treatment (Tendon and Muscle Transplantation, Etc.) 

By HENRY O. FEISS, M. D., Cleveland. •' 

The object of a tendon transplantation in infantile paralysis 
is to render a joint, made partially useless by the paralysis, more 
useful by increasing its stability, or increasing its function in a 
certain direction. This is done by distributing tendinous inser- 

■ tions of muscles about the joint, so that they have the greatest 
possible mechanical advantage, and is accomplished by substi- 
tuting good tendons, either in part or in toto, from parts where 
they can be easily spared, and inserting them into other parts 

• where they are of relatively great advantage. To attain this object, 
we must know definitely which muscles are functionating and 
which are paralyzed. 

It is commonly supposed that the best evidence as to the 
paralysis of individual muscles from this disease is by means of 
electrical reactions, that is by testing for the reaction of degen- 
eration. Scientifically speaking, there is no question as to the 
great importance of this method, but the value of this test, in 
deciding upon the kind of operation necessary, is usually over- 
rated. In the first place, the method is difficult of application-, 
especially in young children : in the second place, it takes con- 
siderable time, and in the third place, the deductions to be drawn 
are seldom more than those that could be drawn from the simpler 
methods. For these reasons, almost all men of experience, so 
far as I know, have come to the conclusion that as a means of 
diagnosis of the paralysis of individual muscles, electrical reac- 
tions have very little practical significance ; hence, they seldom 
use them. 
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The most important method in testing the activity of an 
individual muscle or group of muscles is to elicit certain definite 
movement in the limb tested. If, for example, we wish to test 
the quadriceps, we ask the patient to extend the leg, and if the 
patient does so without rotation, it connotes function of that 
muscle. The value of this method is its simplicity. It may be 
stated as an argument against this method that the child may be 
too young to know how to respond actively. In that case an 
excellent and simple method is to tickle the skin of the limb, thus 
eliciting a reaction of whatever active motility may be present. 
Such light stimulation of various parts of the skin will make the 
limb respond definitely in certain directions according to the area 
stimulated. 

Here it may be said, however, that if the child is too young 
to know how to respond actively, it is usually too young to be 
operated upon. This is so, because in infantile paralysis an oper- 
ation must never be thought of until the natural recovery has 
reached its full extent. So if a child of two years or younger, 
has infantile paralysis, it is rarely of practical value, it seems to 
me, to know accurately just which muscles are paralyzed, because 
we cannot at any rate consider an operation at that time. Months 
and often years must elapse before we have a right to be certain 
that the paralysis has reached a permanent phase, and that no 
further recovery is taking place. By that time almost all children 
will possess sufficient intelligence to know how to respond by 
active impulse. 

A third method of testing the muscles is by having the child 
attempt certain motions against resistance. This is the best 
method of all when the child is intelligent enough to understand. 
For example, to test the gastrocnemius, the palm of the examiner 
is placed against the ball of the foot and the child is told to bend 
the ankle downward (plantar flexion). If there is any power it 
will be felt by the examiner and the tendo Achillis itself will 
stand out so as to be visible as well as palpable. For the tibialis 
anticus and posticus, resistance is placed on the inner side of the 
foot ; for the peroneals, on the outer side ; and for the dorsal flex- 
ors, on the dorsum, etc. This method tells us not only whether 
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the muscles are functionating but gives us a rough estimation 
of the amount of power in the muscles tested. 

To summarize then, the electrical reactions have their place 
in diagnosis when it is desirable to attain great scientific accu- 
racy and when the subject is favorable, but in ordinary practise 
the best methods of testing the function are voluntary impulses 
on the part of the patient, reflex impulses from stimulating the 
skin, and thirdly, active impulses against resistance. 

Finally, it may be added that if we have decided upon a 
tendon transplantation the final test of the muscle, whose tendon 
we are to transplant, is its actual appearance at the time of 
operation. For example, not long ago it was my intention to 
transplant the sartorius into the quadriceps, the latter having 
been paralyzed. I made the incision on the inner side of the 
patella and exposed the sartorius but noticed at once that it 
was blanched and atrophied, whereas the color of a healthy muscle 
should be deep red. For this reason I decided not to touch the 
sartorius but through the same incision went down to the semi- 
membranosus, which was found to be good and strong and worthy 
to be transplanted. This I did. So in any other operation, even 
if the incision is made, the operator can always change his plan 
if he finds the muscle he hoped to use is not sufficiently strong. 

418 Lennox Bldg. 
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The Essentials in the Treatment of Non-Ambulatory Cripples 
Deformed by Infantile Paralysis. 

By HENRY O. FEISS, M. D., 
Assistant in the Dispensary, Lakeside Hospital, Cleveland, O. 

The term "non-ambulatory" is used for lack of a better one. 
It refers to those patients who have become so deformed by in- 
fantile paralysis that they are unable to stand or walk, and the 
chief object of this paper is to show how they may be placed on 
their feet. The cases are not uncommon, especially among the 
poorer classes. The chief cause of the condition is the fact that 
after the original paralysis, recovery has been permitted without 
any regard to the contraction of the good muscles. The result is 
that the joints contract, so that even if there is sufficient power 
left in the muscles about the joints to permit stability, the con- 
ractures prevent them from being placed in positions where this 
power can be properly applied. In cases where there have been 
no contractures, the non-ambulatory condition is due to failure to- 
use proper mechanical measures. Of course some of these cases 
are hopeless. 

Occasionally, we find that the only contractures are in the 
feet and ankles. If such deformities (equinus, equino-varus, etc.) 
are marked, they might alone in early childhood prevent standing 
and walking, and in such cases the treatment simply consists in 
correcting these deformities. 

More frequently, the cause of the disability is the contracture 
of the hamstrings of the knees and the anterior flexors of the hips. 
The treatment of such cases requires the most careful attention 
and perseverance ; the difficulties increasing in direct ratio to the 
age of the child and also in relation to the length of time from the 
original onset. If a case is seen early, that is soon after the de- 
formity has taken place, gradual straightening can often be 
brought about by means of simple braces, splints or plasters. It 
is usually found that the contractures of the hips are secondary 
to the flexures of the knee. For this reason, if the knee con- 
tractures are straightened out the hips will often straighten them- 
selves, owing to the weight of the extended limb. The straighten- 
ing out of the knee contractures is not always a simple procedure. 

Read before the Academy of iledicine of Cleveland, October 75, /pop. 
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It is commonly believed that if sufficient force is applied the knee 
will straighten out and once made straight, the case is disposed of. 
This would be true if it were not for the danger accompanying 
the procedure. One has no right to use too much force in the 
correction of the knee, because if such a knee has been in a posi- 
tion of permanent flexion for years and is then straightened out 
all at once, the vessels and nerves will be placed on a sudden 
stretch and changes in the circulation might arise and, in some 
cases perhaps, even lead to gangrene. Therefore, this correction 
must be made with the greatest care. 

If the case is of long standing, the best way is to etherize the 
patient and to use a moderate amount of force. If headway is 
made, further manipulation with or without ether, by changes of 
plasters or by caliper splints may finish the correction, but when 
this is not sufficient, an open operation is to be done and the ham- 
string tendons are to be lengthened by some simple method. After 
the correction of the knee by either of these methods, the foot 
must be watched for change of color. If tfiere is any noticeable 
changes in the circulation the plaster must be removed and a little 
flexion allowed for the time being. In a few weeks or months 
another manipulation will probably finish the straightening. The 
same precautions are, of course, necessary at the ankle if the foot 
is badly deformed. 

With regard to the hip, it is difficult to gain much by the 
application of force. In the attempt to extend the thigh, lordosis 
takes place in the lumbar spine so that little is really gained in the 
hip joint itself. Here it is advisable to do an open operation over 
the contracted part, which is almost always the tensor vaginae 
femoris, and simply divide the tight strands. In this operation, 
it is surprising how many contracted strands will be found. After 
these are divided, no great correction is usually gained and the 
surgeon is liable to become badly discouraged, but after a few 
days, he will notice the leg coming down farther, and if he lays 
the patient on a padded board or Bradford frame and binds down 
the pelvis and knees, he will soon have the hip straight. In some 
cases passive motion exerted every day after the first week or so 
will hasten the correction. 

It is apparent from the anatomy of the parts that little lever- 
age can be gained at the hip unless the knee is straightened out 
first; then, with the leg straight, the correction at the hip can 
proceed without much difficulty. Moreover, as stated above, the 
weight of the whole leg acts as a force in maintaining the straight- 
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ness of the hip ; whereas, if the knees were bent such weight could 
not be appHed.. Often after the attempt to straighten out the hip, 
there is some lordosis left on account of residual hip contraction ; 
usually, however, if the patient is not too old, even this gradually 
obliterates after the patient stands, because the tendency of the 
human frame in standing and walking is to stretch the anterior 
thigh muscles. 

The above procedures form the first essential part of the 
treatment of these non-ambulatory cases — namely, to straighten 
out every deformity in the ankle, knee and hip by gradual cor- 
rection when it can be applied, or if necessary, by forcible manipu- 
lation under ether or finally, by cutting operations when force 
alone is not sufficient. 

Assuming now that the patient has been properly straightened 
out, the next stage in the treatment must be to attempt to get the 
patient on his feet. It is wise in many cases, to put on the simplest 
form of apparatus and I have been accustomed to use so-called 
"caliper" braces (these are temporary braces to be replaced later 
by permanent ones), which consist of two uprights of round 
stock running into the heel of the shoe below and ending above in 
a perineal ring. A strap is placed behind the knee to prevent 
hyperextension and a knee-pad is placed in front of the knee to 
prevent flexion. Such a brace insures stability in the whole leg 
up to the hip. If there is any tendency to recurrence of equinus, 
simple stops can be placed at the heel to prevent this deformity, 
or straps may be run from the sole of the shoe to the uprights, 
which can be adjusted so as to hold the ankle at the desired angle. 
After these are properly adjusted and the patient has become used 
to wearing them, he is given crutches and in most cases learns to 
walk with them very soon. After a few months the patient is told 
to try to discard the crutches and to take steps for himself. This 
having been achieved, then is the time for reconsideration of the 
case with regard to plastic operations on the muscles and joints 
with the hope of eventually discarding one or both braces, or 
changing from a knee-brace to an ankle-brace. The choice of 
operation here depends entirely on the conditions in the individual 
case. We must consider tendon transplantations, shortening or 
lengthening of tendons, arthrodeses, excisions, etc., every joint 
being considered by itself. 

As the main object of this paper is to show how these patients 
may be put upon their feet, the further treatment (permanent 
braces and operations) will not be considered here, but in the 
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report of the cases which follows, brief mention is made of some 
of the subsequent steps. 

The only contra-indication for the above treatment is when 
the mechanical conditions for recovery are so bad that the case 
is hopeless For example, if the spinal muscles and hip muscles 
are all paralyzed, and when the child has no power in the 
shoulders, elbows and hands to hold crutches. Practically all other 
cases may be placed upon their feet. 

Following is a summary of nine cases, which have been 
selected to show the various steps which have been taken. All 
of these were helpless when first seen and crept about the floor. 
All of these have now been enabled to walk, some with crutches, 
some with braces alone, and .some with but one brace. 

Case I. E. J., aged 22 months, was first seen at Lakeside Dispensary, 
March 29, 1909. A year ago was taken with paralysis and made progress 
until a month ago. 

Examination showed the child not able to stand or walk. Seemed to 
have power in the quadriceps and hamstrings on the left side but none 
in the foot on that side. Could extend the right knee in external rotation ; 
this foot under control. May 13, 1909, caliper splints were applied. The 
child is now beginning to stand and walk. Here no operation has yet 
been advisable. 

*Case II. S. J., aged four, was first seen in the Lakeside Dispensary 
March 21, 1908, the paralysis having begun two years previously. 

The examination showed pretty good control of the left leg except 
that the foot was in valgus. The right knee was not under control either 
in flexion or extension and the foot was in marked varus. Child could 
neither stand nor walk. 

June 1, 1908. The right tendo achillis was divided and a brace was 
applied to the right leg holding the knee straight and the foot at a right 
angle. Later on, the tendo achillis on the right foot again contracted and 
a tenotomy was done at Rainbow Cottage. Examination July 9, 1909, 
showed the child walking with a brace and without her crutches. 

Case TIL N. M., aged four, was first seen at Lakeside Dispensary 
March 10, 1908. Taken with paralysis while an infant. The case was 
originally treated by Dr Dudley Allen, who kindly assigned it to the 
author for further treatment. When first seen by him the child could not 
stand or walk, although there was little contraction. He ordered braces 
and with the help of these and crutches, the child learned to stand and 
walk. On June 13, 1908, the child was walking without crutches with the 
help of both braces. March 24, 1909, operation : the tendo achillis di- 
vided on each foot and the iliotibial band transplanted into the quadriceps 
on the right. The child is now walking fairly well but is still using a 
brace on the right leg. 

Case IV. A. S., aged eight, was first seen at Lakeside Dispensary 
Sept. 19, 1909. Paralysis had begun three years before. There had been 
no improvement since. Examination showed both legs very thin and no 
control of either ankles or knees. The right hip in a position of 45° 
flexion. Child could neither stand nor walk. Sept. 23, 1908, operation : 
the tensor vaginae femoris was divided. The tendo achillis divided on 
the right foot. When last seen, July 1, 1909, child was walking with 
caliper splints and crutches. 



*For the treatment of cases II, III, IV and V in the hospital wards, 
I am indebted to the kindness of Dr Dudley P. Allen. 
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Case IV. A. B., aged three, was first seen at Lakeside Dispensary May 
19, 1908. This child was taken with paralysis at the age of nine months. 
Examination showed thighs abducted, knees flexed and ankles extended. 
Child could neither stand nor walk. Each leg showed that it could adduct 
and move the thigh pretty well. Flexion of the knee permitted, but no 
power in extension. The hamstrings were short. Some power in eversion 
in the ankles. Each tendo achillis was contracted. June 1, 1908, opera- 
tion under ether : knees forcibly corrected. Tendo achillis lengthened on 
each foot by open operation. June 28, 1908, patient has learned to walk 
by means of caliper braces and has discarded crutches. Condition then 
showed recontraction of the tendo achillis but the knees straight. June 29, 
1909, operation under ether : on the right the sartorius transplanted into 
the quadriceps tendon and the biceps transplanted into the tubercle of the 
tibia by means of silk lengthenings. Each tendo achillis tenotomized. 
Later the silk sloughed out, but the sartorius has held. Similar operation 
to be done later on the other knee. Child still using caliper braces, but 
will undoubtedly discard at least one later on. 

Case VI. E. P., three years old, was first seen Sept. 21, 1906. The 
paralysis began at the age of two years and the child could only creep and 
sit. Examination showed a small, anemic child with right hip in right 
angle abduction. No control of the knee or ankle. Oct. S, 1906, under 
ether, tenotomy of the tight bands running from the anterior superior 
spine. Hip straightened and put up in plaster. Child learned to walk in 
this plaster and improved. A brace was applied February 1907, and since 
then the child has learned to walk alone. 

Aug. 7, 1909. Child is walking without crutches but with a permanent 
brace on the right leg. This brace holds the knee straight and prevents 
toe-drop. Child almost ready for an operation on the knee, transplanting 
the sartorius and later, to have an arthrodesis of the ankle. 

Case VII. F. Q., six years old, was first seen July 7, 1908. Taken 
with paralysis at the age of one year. Examination showed both knees 
. and hips drawn up. Hips could not be passively extended. Tensor fascia 
very tight. The contraction less than a right angle on the right. Very 
little less contraction on the left. Both knees drawn up tight and could 
only be extended to 45° of straight. No quadriceps. Hamstrings present 
on the left and partly deficient on the right. The hips besides being flexed 
were also abducted, so that the child lay in a frog position. Child could 
neither stand nor walk. July 23, 1908, operation under ether: attach- 
ments of the tensor vaginae femoris and a mass of other muscular tissue 
and bands were divided at both hips. This permitted the thighs to come 
down to an angle of 120°. The knees were forcibly corrected to about 40° 
of straight. Then the pelvis, thighs and knees were encased in plaster 
and the child was placed on a Bradford frame. Caliper splints were ap- 
plied on July 28, because the plaster was very uncomfortable. 

Aug. 29, 1908. Patient was learning to walk with crutches, both hips 
having been brought down by passive motion to 35° of straight. The 
knees were almost straight. Oct. 21, 1908, there was no deformity left, 
even with the braces off. On May 20, 1909, the status was as follows : 
She can extend neither knee. Has no control of the right ankle but it is 
not in a position of permanent deformity. She dorsal and plantar flexes 
the left foot. She walks alone with the caliper splints. July 13, 1909, 
plastic operations were attempted at the knee. These have been succeeded ; 
nevertheless, she will be enabled to walk with' the help of light knee 
braces. 

Case VIII. M. McK., aged seven, was first seen November 14, 1905. 
She was taken with severe paralysis at the age of three and a half, affect- 
ing both legs and the left arm. The arm recovered. Examination showed 
both hips in slight position of abduction and flexion. Knees were con- 
tracted to a right angle. Tendo achillis in both ankles tightened. Very 
little control over either foot. Child unable to stand or walk. 
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An operation was done May 2, 1907. On the right knee the ham- 
strings were divided. Same on the left. Each tendo achillis also length- 
ened. Gradually the legs became straighter and she got caliper splints 
May 18, 1907. She was walking June 25, 1907, with the help of crutches 
and braces. In the summer of 1908, a tendon transplantation was done on 
the right knee using the outer hamstrings and one of the inner ones. The 
result of this is not yet certain, but she is walking now without crutches 
and with the use of her braces alone. The reason that the knee operation 
is not certain is because the foot is still in a very bad position of varus 
which will have to be corrected before she can stand without a brace. 

Case IX. M. S., aged 11, was seen first Jan. 27, 1908. Taken with 
paralysis the previous September. The attending physician allowed her 
knees to contract. Examination showed the left leg in a position of 25° 
permanent flexion at the knee on account of the tight hamstrings. The 
right was more flexed than the left. She had apparently complete control 
of the left side except for the contraction. The right was atrophied and 
showed apparently a paralysis of the quadriceps and tibialis posticus, the 
peroneus longus being very active. 

No operation was necessary here, the case being seen recently enough 
after the onset. Caliper braces were applied with the intention of grad- 
ually straightening out the legs. This was easily accomplished with the 
help of a good nurse. Passive motion was also used. On March 8, 1908, 
she had complete control of the left which was straight : patient very 
much improved and could stand alone with the brace only on the right 
leg and walk with crutches. March 18, 1908, patient was walking with- 
out crutches and with the brace only on the right leg. April 10, 1909, a 
very simple leather brace with two uprights was applied to hold the right 
knee steady, and the girl is still wearing this without the help of any other 
apparatus and getting about. Later a transplantation may be done on the 
right knee so as to do away, if possible, with all apparatus. 

418 Lennox Bld^. 
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The Breus Mole. 

By A. H. BILL, M. D., Cleveland. 

The peculiar malformation of the ovum which is generally 
known as the Breus mole or hematommole is of interest not so 
much on account of its pathologic significance as on account of 
its most interesting and unusual form and development. 

The clinical history of the case, the appearance of the ovum 
both macroscopically and microscopically, its development and 
formation, and the atypical development of the embryo are so 
characteristic and differ so entirely from those of any other 
normal or pathologic ovum, that it is generally recognized as a 
distinct variety of the moles of pregnancy. 

The mole was first described in 1892 by Breus in a mono- 
graph entitled "The Tuberous Subchorial Haematoma of the 
Decidua." Breus reported five cases, and laid down the follow- 
ing as their essential characteristics: 

I. That there is a marked disproportion between the size 
of the embryo and that of the ovum, and also a marked discrep- 
ancy between the apparent ages of both ovum and embryo, as 
determined by their size and development, and the period of 
pregnancy, as obtained from the history of the case. In the most 
striking of Breus' cases the patient had given a history of preg- 
nancy of II months' duration, while the ovum expelled had 

Read before the Clinical and Pathological Section of the Academy of 
Medicine of Cleveland, June 4, 1909. 
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tttbrely the size of a three months' pregnancy and the embryo 
had a length of merely 1.5 cm. 

2. There is an absence of any circulation between the fetus 
and the placenta; that is there is an absence of blood-vessels 
in the chorion. 

3. The presence on the inner or fetal surface of the 
placenta of hematomata which, covered with amnion and chorion, 
bulge into the cavity of the ovum. 

There have been altogether about 35 cases of this mole 
reported by various writers. 

I wish to report and show the specimens of three typical 
moles of this variety. 

I. The first case is reported through the courtesy of Dr W. T. 
Howard. It is that of a woman 37 years of age who had previously had 
nine children. Her previous labors were normal and her past history 
was negative as to general or pelvic disease. The last menstruation was 
in August, 1905, the exact date not being remembered. In September 
and October there was nausea and vomiting and suppresion of the menses. 
In November there was a slight menstrual flow for one day, which was 
the last until March 17, 1906, when a moderate hemorrhage occurred and 
recurred irregularly for one week until March 24, when the ovum was 
expelled intact. The general health of the patient had been good up to 
this time and her convalescence was perfectly normal. 

The ovum which was expelled measured 5^ x 8 cm., and contained 
about two ounces of amniotic fluid. The ovum and embryo were in a 
good state of preservation. The placenta, which was well formed, covered 
about one-half of the ovum, while over the chorion laeve there were still 
remnants of decidua. The external appearance of the ovum showed 
nothing unusual. On the inner surface of the placenta are to be seen 
numerous spherical and irregularly shaped protuberances varying in size 
from 2-3 mm. in diameter to 2 cm. in diameter. These protuberances 
project into the cavity of the ovum several mm. to i cm., and are covered 
with the smooth and glistening amniochorion. They are of a dull 
reddish-blue color. Toward one edge of the placenta is to be seen the 
embryo, attached by a small umbilical cord 8 mm. in length, the latter 
apparently being inserted directly into one of the protuberances. On 
section these protuberances appear as homogeneous, red, partly, organized 
masses of blood, hence the name hematommole. 

The embryo is 9 mm. in length, shows marked curving of the body 
and shows very distinctly the buds of the upper and lower extremities. 
There is no trace of the umbilical vesicle to be seen. The embryo corre- 
sponds in its development to about 3^ to 4 weeks. The ovum in size 
corresponds to a growth of three months. 

Thus we have a history of seven months' pregnancy, an ovum the 
size of three months and an embryo the size and development of 314 
to 4 weeks. 
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2. The second case is that of a woman 26 years of age who had 
already borne two children. The past history, as in the previous case, 
was negative. The first two pregnancies and labors were perfectly normal 
and the general condition of the patient was fair, although she was not 
a very well nourished woman. The last menstrual period was during the 
last week in February, 1908. After the cessation of the menses there 
were the usual symptoms of pregnancy, including nausea and vomiting, 
although the latter was not at all severe. On June 28 the patient men- 
struated for three days, apparently about as usual and concluded she 
was not pregnant. After this there was no hemorrhage until August 25, 
when a flow began, associated with pains. With rest in bed this subsided, 
but recurred on August 28, when the ovum was expelled intact. As there 




Breus Mole, Case No. 1. 



seemed to be some of the placenta missing from the ovum and as the 
hemorrhage did not cease as welf as desired, the uterus was curetted 
and some small pieces of retained placenta removed. Convalescence was 
perfectly normal. The patient had previously shown no toxic symptoms 
from retention of the ovum. 

The intact ovum in this case measured 4^ x s x 8 cm. and contained 
about two ounces of clear straw-colored fluid. On the inner surface of 
the placenta, which is very well formed, are to be seen the characteristic 
hematomata, which in this case are considerally smaller than in the 
previous case. In this case there is also no trace of the yolk sac. The 
embryo, measures 11 mm. in length and is attached by a cord but 7 mm. 
in length. The embryo shows practically no curving, but the buds of both 
the upper and lower extremities are to be made out distinctly. The eye 
is also to be made out. 

The age of this embryo is evidently about four weeks. The ovum 
corresponds in size to about three months. The history of pregnancy is 
that of six months' duration. 
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3. The third case is that of a primipara 19 years old. The general 
health of the patient was good and the previous history negative. Men- 
struation was always somewhat irregular, usually varying from every 
three to every four weeks. No history of any uterine or pelvic disease 
could be obtained. The last menstrual period was Nov. 24, 1908. Be- 
ginning the latter part of December and during the first half of January 
there was morning sickness. During the first week in February there 
was a menstrual flow for two days. On April 25, 1909, there was again 
flowing, continuing until April 28, when pains started and the patient 
expelled the ovum and embryo. The ovum had previously ruptured 
and the fluid had escaped. The uterus was curetted and some shreds of 
placenta removed. The patient got up from bed and went to work in a 
restaurant the next day regardless of orders, but made an uneventful 
recovery in spite of it. 

The placenta in this case measured about 5.5 x 7 cm., so that the 
whole ovum was apparently about the same size as the two previous ova. 
The inner surface of the placenta is somewhat more irregular than in 
the other cases and the protuberances are larger. The embryo is only 

5 mm. in length and is apparently somewhat malformed. Very little can 
be made out in regard to its development macroscopically, but it probably 
did not live more than three weeks, as determined by its size. As in 
the other tv.'o cases there is no trace of umbilical vesicle. 

Microscopical examination of sections of the mole, including the 
hematomata, shows the following: 

The amnion and the superficial chorion, that is that over the surface 
of the placenta, and also the chorion laeve are practically normal. The 
protuberarxes themselves are made up almost entirely of blood in a more 
or less advanced stage of organization, while there is occasionally seen 
a trace of a dead chorionic villus in this mass. 

The primary villi of the chorion show comparatively little tendency 
to branching and there is a noticeable scarcity of secondary villi in these 
areas, those present beirg in a more or less marked stage of degeneration. 

Upon examination of the secondary villi a striking feature is the 
condition of the epithelium which, ov§r the best-preserved villi, consists 
of but one complete row instead of the two rows of Langhans' cells 
and syncytium which should be present at this stage of development, 
and this in places is very low and in others entirely absent. It is note- 
worthy that over the part of the villi devoid of epithelium there is a 
deposit of fibrin, and the Villi, entirely devoid of epithelium, are seen 
embedded in fibrin, while around those with intact epithelium there is 
free uncoagulated blood. Some beautiful examples are seen of villi only 
partially devoid of epithelium on which there is a heavy deposit of fibrin 
over the denuded area alone, while the remaining part floats free in the 
blood. These areas show the similarity between the epithelium of the 
villi and the endothelium of the blood-vessels in their function of allow- 
ing blood to flow over their surfaces without coagulation, a fact very 
important in the early formation of the placenta. 

In the chorionic villi no traces of blood-vessels are to be found, thus 
a fetal circulation has, of course, not been established. 



Bill — The Bkeus Mole 5 

Another noticeable feature is the persistence of the trophoblasts, 
which aiicar occasionally in isolated groups, but for the most part near 
the decidual surface and in intimate relation with the decidual vessels, 
which they are apparently opening up. As they evidently do this in part 
at least, independently of the villi there results a diffuse flow of blood 
into the intervillous space. 

The decidua compacta shows few abnormal changes; the chief change 
being a slight degree of round-cell infiltration. 

The fact that the age of the embryo in these cases corre- 
sponds so nearly with the usual time of vascularization wotild 
lead to the idea that the sudden cessation was due to the death 
of the embryo, and it is noteworthy that in all cases of the Breus 
mole reported the embryos have died before vascularization of 
the chorionic villi has been accomplished. It is also of note that 
in none of the cases has the umbilical vesicle been observed, and 
since this must be the chief source of nutrition of the embryo, 
its absence may have a bearing on the death of the embryo. 

Various theories have been advanced in explanation of the 
formation of these hematomata. Thus Breus explained their 
formation by an outpouring of blood from the decidual vessels 
into preformed sac-Hke folds of the amniochorion, and thought 
that this folding was brought about by a disproportionate growth 
of the membranes after the death of the embryo, at the same time 
claiming that in the death of the embryo lay the ultimate cause 
of all. 

Davidson attempted to explain their formation by the pres- 
ence of an hydramnios at an earlier stage in the course of the 
pregnancy, the fluid having been absorbed later on, thus leaving 
a considerable diminution of pressure within the sac and a con-= 
sequent tendency to an inward bulging. 

Bauereisen declared the direct cause of the formation of the 
hematomata to be th'.: stoppage of the outflowing blood by de- 
tached chorionic villi which occluded the veins of the decidua. 
He suggested the name "aneurysmamole," since according to his 
theory there were really dilatations of blood-spaces rather than 
extravasations. 

Walther suggested an endometritis as the cause of the mole, 
but in practically none of the cases was an endometritis reported. 

The hematomata are apparently formed between the large 
primary villi in spaces formed, by the necrosis and breaking off 
of the secondary villi. The persistence of the trophoblasts and 
the progressive opening up of new decidual vessels, often appar- 
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ently independently of the villi, would lead to the continual addi- 
tion of new blood-streams. Under the pressure of this blood, 
increased by the uterine contractions which are going on at this 
early stage of pregnancy, distention can take place in only one 
direction, that of the amniochorion which offers the least re- 
sistance. 

The increase in the size of the hematomata is thus due to a 
mechanical stretching of the amniochorion and may go on to a 
considerable extent, sometimes giving them a pediculated or stem- 
like appearance, a fact of which Breus made special mention. 

There is no evidence that syphilis may be a causative factor 
as in practically none of the cases can a syphilitic history be ob- 
tained. Dr O. T. Schultz examined sections of the first specimen 
for evidences of syphilis and could find none present. 

As to the further changes which the ovum and embryo may 
undergo after long retention in the uterus very little is known. 
The embryos are usually very well preserved even after ii 
months' retention, as shown in one of Breus' cases. Mickolitch 
reported one case of Breus mole, with the formation of bladder- 
like sacs in the chorionic villi, giving a picture very much like the 
hydatidiform mole, the only case of its kind on record; but while 
there may be a marked edema leading even to the formation of 
these bladder-like sacs, none of the other characteristics of the 
hydatidiform mole are shown, there being no tendency toward an 
excessive growth of the epithelium of the >^illi but rather a retro- 
|;ression. 

There is no record of any case leading to metastasis or 
showing any signs of malignancy as in the hydatidiform mole. 
This fact naturally has a distinct bearing upon the treatment that 
should be followed in these cases. 

Symptoms: The clinical picture is that of a "missed abor- 
tion." The age of occurrence is less than that of the hydatidi- 
form mole and is usually between 25 and 35 years, that is at the 
time when abortion is most common. It occurs more commonly 
in multiparous patients than in primiparae, one case reported 
being that of a woman in her twelfth pregnancy. The previous 
history may be entirely negative and usually there is no history 
of endometritis or of previous abortions, although in one case 
the patient had aborted four times during the previous year. 
In Walther's case the patient had previously had two hydatidi- 
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form moles, but otherwise there had been no abortions. Taussig 
saw two Breus moles in the same patient. At first there are 
the ordinary symptoms of pregnancy, the cessation of menses to- 
gether with all the subjective and objective signs. But after a 
long period of amenorrhea there is not a proportional increase in 
the size of the abdomen, the uterus usually not growing beyond 
the size of three or four months' pregnancy. 

The longest period of retention of the ovum reported was 
1 1 months. In about three-quarters of the cases there was bleed- 
ing, often several months before the expulsion of the sac, and 
occasionally so marked as to be an alarming symptom. The 
hemorrhage is usually accompanied by pain in the abdomen. The 
expulsion is usually not accompanied or followed by fever. 

Diagnosis: This is usually not made before the expulsion 
of the ovum as it is difficult to distinguish it clinically from the 
ordinary retained ovum. In the*latter, however, there is often a 
foul-smelling discharge accompanied by fever and general dis- 
turbances, symptoms which have not as yet been observed in cases 
of Breus mole. The physical signs are directly opposite of those 
seen in the case of the hydatidiform mole, in which the uterus 
grows out of all proportion to the duration of pregnancy. A 
summary of the clinical and pathological characteristics which 
will serve in the diagnosis is as follows : 

1. The marked disproportion between the size of the em- 
bryo and the period of gestation. 

2. The relative absence of symptoms of intoxication from 
the long retention. 

3. The disproportion between the size of the embryo and 
that of the ovum. 

4. The presence of the tuberous hematomata, which may be 
lobulated and have ccnstricted bases. 

5. Lack of blood-vessels in the chorionic villi. 

6. The poor development of the epithelium of the chorionic 
villi, which may be entirely absent, the layer of Langhans' cells 
being particularly poorly formed. 

7. The persistence of the trophoblasts. 

8. The poor development of the embryo, which usually 
Corresponds in size to that of four to six weeks. 

Prognosis: This is good: there is, as a rule, no recurrence, 
although one case has been reported in which a second hematom- 
mole was formed within a year. There is no infiltration of the 
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uterine wall by the mole. The only troublesome symptom, the 
hemorrhage,, while in some cases rather severe, has never proved 
to be a serious complication. The presence of broken off villi in 
the decidual vessels, which was described by one writer, sug- 
gests the possibility of embolism, but this has never yet been 
observed. 

5/0 Osborn Bldg, 
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Typhoid Fever Complicating Pregnancy. 

By WM. O. ZIEMER, M. D., Cleveland 

The history of the study of typhoid during pregnancy may 
bfe said to begin with the observations of Louis in 1829. As to 
the frequency of this complication, statistics are not very accur- 
ate. Liebermeister in 1,420 cases found but 18 associated with 
pregnancy and Zuelzer in a series of 1,852 cases at Vienna, found 
but 24. Thus the percent runs between 1.2 and 1.3, but these 
statistics make no distinction' as to age or sex. ' At the Johns 
Hopkins Hospital, pregnancy was noted four times in a series of 
289 cases at all ages. In going over the records of Lakeside Hos- 
pital, but one other instance was noted in a series 'of over 4CK) 
female typhoids, atid in this instance the pregnancy was uniriter- 
rripted. Thus in 3,608 female typhoids from various soul'ces, 
piregnancy existed in 93 or less than 3%. But these statistics were 
collected from cases at all ages and should they be compiled from 
patients during' the childbearing period, the percent would be 
much' higher. The'older authors held that pregnancy offered a 
protection " against typhoid, but later' observations have not. sub- 
stantiated this claim for in various epiderr)ics in which whole 
tQ'Hfns were involved, pregnant and non-pregnant women | ex- 
tracted the disease in about the same proportion.,,-, On the pth,er 
hand, Miiller has shown that the complications of typhoid are rare 
in pregnancy and if there is no interruption,, the, course of, the 
typhoid is apt to be slight. Typhoid usually, f^gcufs cluring,the 
first half of pregnancy and interruption takes, ^pl^ce mpst_ com- 
monly at the third month and during the. second week of tlie 
fef'er. Various causes have been advancecj for the frequency of 
it'ortion in typhoid, -but th'e'rnechalriism is rriore'' complex 'than 
<ie usually supposed and no one.tKeory thus far ad-v-anced seems 
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to hold good for all cases. The experiments of Claude Bernard 
and Runge furnished the basis that high and prolonged t!levation 
of temperature acted directly upon the fetus and exciting the- 
uterus to contraction with subsequent abortion. Winckel, in GuS- ■ 
serow's clinic, showed that the fetal heart rate increased in direct", 
pi^ppprtion to the maternal temperature and Gusserow, himself,- 
stated that the danger to the child is proportional to the elevation 
of the maternal temperature and to the duration of this influence. 
Abortion occurs in from 50 to 70% of all cases of typhoid. Three 
causes stand out most prominently :. first, highi ,t'ernperatHre ; sec- . ' 
ond, the accumulation of toxins in 'the' maVernl!l 'Blood and their 
passage through the placenta to the fetus i; and third, the death of 
the fetus. Most writers agree that the death of the fetus is the 
most common cause of the abortion^ Im-theiearlier cases, proof 
of the transmission of typhoid from the mothier to, the chijd wag 
naturally sought in lesiotis of the intestihe, similar tqi those of 
adults and Charcellay irt 1840, and Manaim in' 1841;' repo'rt'ed, 
cases of fetal typhoid, but these cases wiere not fetal typhoid as 
the transmission of the' disease can' only be ascertained'^by bac- " 
teriological means. For even in children,' typhoid is o'fteu a' bac- 
teriemia and intest nal lesi'ons are wanting. HoWev'ei', the pres- 
ence of rose spots in the fetus has been noted in a few cas6sl 
That the typhoid bacillus, is transmitted through the placenta has ^ 
been shown by many observerg^ F". W,. L,ynch at the Johns Hop- ^ i 
kins Hospital) w^sj, able^^t;a,demonstr?ite ,a;^d grow the typhoi^ ' 
organism, from th^ fet^l tl^od and orgaris.in, 'two «!ases, althouglj' ' 
in neither d^d , th-^ i .fetal , blood give; a Bjiositive ) Widal ,reictipi%. ■ ■ 
Brown and Fordyce, however, have reported cages in^ which thiji 
organism wasi Gukivated from the fetal organS'iand' in whdch>b6t|b ' 
the matetn^l and fetal btood gave a positive^ reactidn.' Thus it has 
been definitely. proved that the typhoid bacillus c4n traverse from 
mothgr Jo-.'ckfild through the placenta; that infection of 'the fettfs 
results, an<^'ihat intra-uteripe typhoidtakes placq; 'this, from thjei ■ 
first,^.isfa general septi9emia and therefore the classical symptoms ' 
and jjnjestina[^|_ lesions are wanting. The fetus usually dies in. utero, ! 
or 501} a,h€T birth, as a direct result of the typboid infection. It - 



F"a}^b?>bpj-n aliv^ bpt dea^h ;us!^allj;^occ^i:r? iA.j^.|eY day^.wjthayjt 
definit;^ sypiptpms.,: It,. is alsp pp^siblei' that jhft ifetus may'^ pass' 
through an intra-uterine typhoid and be born alive and well, but 
we have no proof that this happens. Furthermore, infection of 
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the fetus does not always .occur and the pregnant woman does not 
necessarily transmit the,:(}iseaste to her child. 

The history of the case to, be reported is as i^ollows: 

, E. H., female, aged 23, married, was Admitted to Lakeside Hospital, 
Augilst 14, 1905, coinplaining oi headache; fever and pain in the back and 
joints. Has one child 16 months oH, living and well'; has not menstruated 
far past four months; Ot!ierwlse the fattiily and previous history are 
negative. Present illness, (began August 1, 1905, with headache, general 
malaise, fever and thilly sensations, also nose-bleed, vomiting, appetite 
lost ihd bowels constipated. On physical examination patient proves to 
be',, a well nourished, woman ;l(rather apathetic; pupils dilated; tongue 
coated and tremulous ; pulse low tension and markedly dicrotic ; heart 
and 'lungs, negative; 'abdomen full and distended, marked swelling of 
Jowef portion and considerable tym^panites; a beautiful crop of rose-spots 
pi-esent; spleen no^ palpable; uterus easily made out on abdominal pal- 
pation, soft and enlarged, extending to a point 10 cm. below the umbilicus 
in the median line.' On vaginal examination, cervix soft and the en- 
larged bulging uterus easily made out. Breasts enlarged and a small 
^amount of colostruin obtained on pressure. No fetal heart sounds heard. 
Leukbcytes 8,700, hemoglobin 74%. 'Widal reaction very suggestive. From 
'these findings, the diagnosis of typhoid fever, associated with pregnancy, 
was made. Patient was placed under special enteric precautions with 
baths at 90° F. if the temperature exceeded 102.5° F. She took water 
and nourishment well and the temperature began to fall gradually. On 
August 21, she began to complain of pain in the abdomen and back which 
,'siraulated labor pains. The ice coil was applied to the abdomen and an 
,opium suppository given which quieted her and the pains ceased. The 
Widal reaction was now positive. Everything went well until the morning 
^f Septjiiiber 3, when she was attacked with sharp labor pains. These 
becanie more severe and at 2 p. m. they occurred at three minute intervals. 
On examination the cervix was found dilated to. about the size of a 
quarter dollar and membranes bulging. At 3 p. m., membranes ruptured. 
Patieint.had beeh. prepared, for 'delivery with rigid aseptic precautions and 
at ?:45 p. m. a dead fetus w^s born.. Five minutes later, the placenta was 
expi-essed by the Crede method. Hemorrhage was slight' and patient stood 
the pi'dcedure very well. The cord, placenta and fetus were immediately 
placed in a sterile dish and transferred to the pathological laboratory. 
The following report upon them was submitted by Dr David Marine: 

Body Teieived in i( steHl'^ dish and the dissection was done with aseptic 
precautions, especial attention being paid to the bacteriology. Placenta 
measures 11 x 2.5 cm., generally circular in shape, the usual number of 
lobes present, membranes normal, few clots on maternal surface and on 
section it is generally gray with many small hemorrhagic areas. Cord 
normal. Fetus; a male, white child, 24 cm. long, still warm. Extensive ex- 
tra\8f'ltioiPwr'blQ6'(l''lnto 'tissues of scalp, otherwise negative. Abdominal 
cavity contains about 2 c. c. of clear yellow fluid. Intestines about the 
size of a slate pencil, and contain a gelatinous fluid. Meconium-like ma- 
terial in sigmoid^colon. Liver fills greater part of abdomen above um- 
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bilicus, is dark red in color and on section presents no macroscopic lesion. 
Spleen normal. Lungs pink and airless. Heart normal. Kidneys we 
formed, 2 cm. long and on section the structure is easily made out. Blad- 
der distended and contains 2 c. c. of a nearly clear fluid. Cultures were 
taken from the cut ends of the cord, peritoneal and bladder fluids, from 
the heart's blood, lung, liver, spleen, kidneys and placental blood, using 
in each case an Ehrlenmeyer flask containing about 75 c. c. of plain bouil- 
lon; to this five, or eight drops of the fluid or a bit of the tissue was 
added. This was further supplemented by stroke cultures on slant agar and 
blood-serum, and plates from the various organs and fluids. They were 
incubated for .17 hours at 27° C, and examined with the following results. 
In all the media there was found a slightly irregular staining, medium 
sized and very actively motile bacillus, negative to Gram's stain. Each 
group of inoculations presented the same cultural characteristics which 
were : On glucose, a slight growth along stab, no gas. In litmus milk, no 
change. On potato, growth demonstrable on oblique illumination. In 
bouillon, slight clouding.. On slant agar, fine growth, with serrated mar- 
gin, glossy, slightly raised on surface, bluish-white and translucent in 
color. All cultures were examined again at 24 and 48 hours respectively. 
The single organism, above described, alone growing out, proved to be. 
morphologically, and culturally, Bacillus typhosus. 

To prove conclusively that the organism was the typhoid bacillus, the 
following agglutination tests were made. A number of serum tubes wefe 
taken from the peritoneal fluid and the fetal heart blood. Using the fetal 
serum and a known typhoid organism, the Widal was suggestive. How- 
ever, with the peritoneal fluid and a known culture, the Widal was positive 
instantaneously in a 1-10 dilution and in- five minutes in a 1-50 dilution. 
Using the fetal organism and a known serum from a number of typhoid 
patients in the ward, the Widal was positive in every instance. Using the 
fetal organism and the fetal serum, with the heart's blood, the Widal was 
suggestive, but with the peritoneal fluid, it was immediately positive. 
Using the fetal organism and the maternal serum 'gave a positive reaction. 
The organism which was i^ecovered from the fetus has since been used for 
agglutination tests in the laboratory. Thus from the serum tests the or- 
ganism also proved to be the typhoid bacillus. . 

3406 West 25th St. 
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THE AIR OF THE OPERATING-ROOM AS A POSSIBLE 
FACTOR IN THE INFECTION OF WOUNDS.* 

BY 

HUNTER ROBB, M. D., 

Professor of Gynecology, Western Reserve University Visiting Gynecologist to the 

Lakeside Hospital, 

Cleveland, Ohio. 

With a perfected technic it would be possible to prevent the 
access of any pathogenic organism into operative wounds. To 
the attainriient of such perfection there are numerous hin- 
drances, but with the majority of these we have been able to cope 
and avoidable infections are growing every year more rare. 
Whereas in former times it was taught that all infections were 
propagated through the air, not a few authorities now state that 
no pyogenic organism has ever been obtained by culture methods 
from the air of the operating-room. Personally, I believe that 
this statement goes too far, as under certain circumstances we 
have been able to demonstrate their presence. 

According to Fliigge, the supposition that no germs enter the 
air from liquids or moistened surfaces holds good only so long as 
the surface of the liquid remains unmoved and intact. A 
moderate wind (of a velocity of four meters to the second) 
suffices to set free germ-containing droplets from the surface of 
water, moist articles, and the like. In closed apartments drop- 
lets are set free more frequently than is generally supposed during 
sprinkling, washing, manipulating wet linen, and — what is of 
special importance — during speaking, sneezing, and coughing. 
These germ-bearing or germ-free droplets, as Fliigge has further 
demonstrated, are carried by the slightest current of air for con- 
siderable distances not only in a horizontal, but also in a vertical 
direction. In order to demonstrate the dissemination of such 
droplets during speaking, coughing and sneezing, Fliigge had the 
person under observation introduce into his mouth a suspension 
of B. prodigiosus. The tests gave positive results. The plates 
exposed at a distance of several meters became covered with the 
characteristic colonies and remained sterile only after quiet 
speaking in a low tone. 

*Read before the American Gynecological Society, April 22, 1909, at New 
York. 

Copyright, William Wood & Company, 



2 robb: the air of the operating-room. 

With regard to the dissemination of desiccated germs, naturally 
only those diseases are transmitted in this way whose exciting 
agents are capable of surviving in the dried state. Thus 
Max Neisser (quoted by Harrington) concludes that dust in- 
fection is impossible with the organisms of diphtheria, typhoid 
fever, cholera, plague, and pneumonia, but possible with Staph, 
pyog. aureus, B. pyocyaneus, B. anthracis, B. tuberculosis and 
Meningococcus . 

Sternberg says : " If we have on one side of our laboratory a 
dusty street and on the other a green field, more bacteria will 
naturally be found when the wind blows from the direction of the 
street than when it comes from the opposite direction; or if the 
air is filled with dust we may expect to find many more than when 
the room has been undisturbed for some time." Graham Smith 
investigated the air of the House of Commons and found no 
organisms pathogenic for man and only a few that were pathogenic 
for animals. 

Prof. Wm. H. Welch says: "As compared with contact in- 
fection, infection of wounds from the air is of minor importance, 
but surgeons are not agreed as to whether or not the dangers of 
air infection are so slight that they need not be taken into con- 
sideration at all. At present there is again a tendency to pay 
more attention to the possibilities of infection from this source 
and some surgeons have even gone back to the spray." Haegler 
(quoted by Welch) found staphylococci and streptococci in the 
majority of his examinations of the air in wards and operating- 
rooms of the hospital in Basle, and the number of such cocci was 
in general proportionate to the opportunity for entrance into the 
air of cocci from dry material and to the amount of dust stirred 
up by movement in the room. Haegler concludes from his in- 
vestigations that the danger of infection from the air is greater 
than is assumed by many surgeons. 

Waring, investigating the air of the operating theater and cer- 
tain wards of St. Bartholomew's Hospital, isolated only two 
pathogenic organisms — Staph, pyog. aureus and albus. In 
Coborn ward, however, into which cases of erysipelas are ad- 
mitted, he found Strept. pyogenes. 

Our present research was undertaken in order to find out 
whether by any special preparation of the operating-room the 
number of living bacteria that might be present in the air could 
be minimized. Furthermore, we wanted to find out whether it 
would be a safe procedure to employ an electric fan in the oper- 
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ating-room during operations in the hot summer days, since all 
of us know what a boon this would be, provided that the safety of 
the patient and the preservation of a good technic would 
allow of it. 

The present report is merely a preliminary one, since, although 
a great deal of work has been done, the facts at hand as are yet 
insufficient for the purpose of drawing any definite conclusions. 

The technic that we employ in the gynecological service of the 
Lakeside Hospital in Cleveland in dealing with our operating- 
rooms immediately before and after an operation is as follows: 
After an operation the floor, tables, hand basins, and other 
receptacles are washed with gold dust or Gibson's powder. (If 
the receptacles are blood-stained they are also washed with 
Labarraque's solution.) The floor is then washed with soap and 
water,, then with plain water, and finally is mopped dry. On the 
morning of the operation the floor, woodwork, and all utensils 
in the room are wiped, and then washed with soap and water. 
After the floor has been mopped with a i-iooo bichloride solu- 
tion, the tables, hand basins, etc., are washed with a 1-20 car- 
bolic acid solution. After everything is in readiness in the 
operating-room the floors are mopped again with a i-iooo 
bichloride solution. It is our rule never to operate knowingly 
upon a pus case in our main operating-room. Such operations 
are performed in a special room set aside for this purpose. If we 
accidentally met with pus during an operation in the main oper- 
ating-room, no further operations are carried out in this room on 
that day, and before the room is used again the floor, furniture, 
and wash-bowls are carefully washed with soap and water and a 
1-20 carbolic solution. 

In carrying out these experiments we have tried to notice 
whether the differences in the methods of preparing the room 
caused any perceptible and constant difference in the number of 
bacteria falling per minute upon the plates, and to discover 
whether any pathological forms were present. The general 
method was to expose during an operation solidified agar-agar 
plates. In some cases twelve were employed, in others twenty, 
but the total time of exposure was the same for each series. 
The plates were incubated for forty-eight hours and the colonies 
then counted. Later cultures were made from the colonies and 
the different varieties were identified as far as possible. When 
a given variety could not be identified, injections were made into 
guinea-pigs, rabbits, or mice to test for pathogenicity. 
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The factors taken into consideration were: The condition of 
the walls and of the floor, and whether the electric fan was or was 
not running. 

The experiments were divided into the following series: 

Series A. — The floor was washed with a i-iooo bichloride 
solution. 

Series B. — The floor was washed with a 1-20 carbolic acid 
solution. 

Series C. — The floor was washed with plain water. 

Series D. — No preparation of the floor. 

Series E. — Experiments in rooms other than the gynecological 
operating-room; no preparation of the floor. 

In each series one set of plates was exposed while the fan was 
running and another set when the fan was not running. In our 
inoculations we used i c.c. of a twenty-four-hour (or a forty-eight- 
hour) bouillon culture, which we injected into the muscles of the 
back. 

RESUME OF EXPERIMENTS. 

Series A, No. i. — ^Floor washed before operation with a i-iooo 
bichloride solution. 

In these twelve plates were found eighteen different varieties 
of bacteria and we were able to identify nine varieties, three 
others being traced to their groups. The remaining five varieties 
were tested (by inoculation into white rats) and were found to be 
nonpathogenic. No pathogenic organisms were found. 

On ten of the twelve plates Bact. rhodochrom; on six of the 
twelve plates Sarcina aurantiaca was found. All the plates with 
one exception contained Sarcina lutea. On three plates B. 
subtilis was found. Moulds were not very common, one or two 
occurring on each of five plates of the twelve. 

It was observed that the plates exposed near the head of the 
table contained a great many more bacteria than those exposed 
at other parts of the room. This is probably due to the fact that 
there was more motion of the air in that part of the room. 

In all of these experiments the average falling on each plate 
per minute was 4.08. This was determined by counting the 
total number of colonies on all the plates and dividing this 
number by the sum of the number of minutes each plate was 
exposed. Total colonies: 2885 -h 705 minutes =4.08. 

Series A, No. 2. — ^Floor washed before operation with a i-iooo 
bichloride solution, and electric fan set in motion. 
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The conditions under which these plates were exposed were the 
same as in series A, No. i, except that in this case the fan was 
running, and the plates were exposed toward the close of the 
operation, i.e., when the wound was being sewn up. No 
pathogenic bacteria were found. The total number of colonies 
on all the plates was 2778. Dividing this number by 710, the 
number of minutes of exposure, and our number of bacteria per 
minute was 3.9.^ In the first series without the fan, the number 
was 4.08. Thus we see that the number of bacteria falling on 
the plates was slightly less with the fan running. In testing 
pathogenicity we inoculated guinea-pigs with i c.c. of a twenty- 
four-hour bouillon culture of the bacteria injected under the skin 
of the back, but obtained no local or general reaction. 

Bact. rhodochrom was found on eleven out of twelve plates; 
Sarcina lutea on eleven; moulds on eight plates; Bact. ar- 
borescens on seven plates; B. subtilis on eight plates; Actinomy- 
ces on eight plates; Nonpathogenic, dot-like, white colonies on 
eight plates; B. gemmus on six plates; Micrococcus simplex on 
eight plates; Streptococcus mirabilis on one plate; M. alvi 
on one plate; B. liquefaciens on two plates; belonging to Bact. 
ambiguum group, one on one plate. The total number of 
different varieties was thirteen. 

Series B, No. i.* — The floor of the operating room was washed 
with a 1-20 carbolic acid solution. 

The total number of colonies falling on all the plates was 461. 
Dividing this by 710, the total time of exposure, we get 0.65 
colonies per minute. With the first series of plates the number 
of colonies per minute was 4.08. The total number of varieties 
found was twelve and by inoculations into guinea-pigs and white 
rats we found that all were nonpathogenic None of the 
guinea-pigs or rats showed even a local reaction. In this series 
Sarcina lutea was found most commonly, being on all of the 
twelve plates; B. subtilis was found on ten out of twelve; Moulds 
on ten out of twelve; Bact. rhodochrom on five plates; Micro- 
coccus cumulus on eight plates out of twelve; B. pro tens vulgaris 
on five plates; Micrococcus citreus on four plates; M. simplex on 
seven plates. 

Series B, No. 2. — Floor washed with a 1-20 carbolic acid 
solution, fan running. 

The conditions under which this series of plates was exposed 

* It must be borne in mind that after the use of the bichloride and carbolic acid 
solutions on the floor enough of the chemicals might be carried with the dust to 
inhibit the growth of the bacteria that settles on the Petri plates. 
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were as nearly as possible the same as in the other series. The 
exposure was begun near the close of the operation, when the 
wound was being sewn up. The total number of colonies was 
1707; the number per minute 2.04. This number is greater per 
minute than we had in the series when the fan was not running, 
but it is smaller than in either of the bichloride series. 

In this series no pathogenic organisms were found. Our four 
series seem to show that there are fewer bacteriain the air when 
carbolic acid is used than when bichloride is employed. 

Series C, No. 1* — No preparation of the floor. Fan not run- 
ning. 

The conditions under which this experiment was performed 
were about the same as before, twelve plates being used. On 
account of the fact that no antiseptic was used upon the floor 
the number of bacteria was much increased, so much so, in fact, 
that a differentiation into varieties would apparently have been 
impossible. We therefore decided to expose more plates for a 
shorter length of time each, but making the total time of exposure 
the same. 

A total of 13,916 colonies fell on the twelve plates in 730 
minutes, making 19.6 colonies per minute, many more than in the 
series in which antiseptics were used upon the floor. 

Series C, No. 2. — Nothing on floor. No fan running. 

The conditions under which this series of plates were exposed 
were as nearly as possible the same. The exposure lasted 
practically through the whole duration of the operation, which, 
however, was rather short. On account of the large number of 
colonies which had grown out on twelve plates exposed in 
Series D, No. i., we decided to expose a great number of plates, 
each one for a shorter length of time, but so as to make the sum 
total of exposure time the same. The total number of colonies 
was 10,105, the number per minute of exposure being 14.2. As 
will readily be seen, the number was much greater than when the 
antiseptic was used upon the floor. 

In this series no pathogenic organisms were found. 

There were thirteen varieties, numbered from A to M inclusive. 
Of this number, eight were identified. These five unidentified 
varieties were tested on guinea-pigs. In no case was there any 
reaction whatever. 

♦ In the remaining series (as shown by our protocols) in addition to the 
organisms that have been mentioned the following were found. M. flavus. Staph, 
albus, Bact. fulvum, Streptothrix, M. candidus, B. aurescens, B. pyocyaneus. 
B col. commun. 



robb: the air of the operating-room. / 

Series D, No. i. — Floor cleansed with water after the walls 
had been cleaned. Fan running. 

The conditions under which this series of plates were exposed 
were inadvertently somewhat different. After the exposure it 
was learned that some three or four days previously the house- 
keeper had had the walls and ceiling washed. The floor had been 
washed with plain water. The fan was running during the entire 
time of exposure. Here again the number of plates exposed was 
twenty, the total exposure time being 710 minutes, as in each 
of the other series. It will be seen that the number of colonies 
was the smallest found in any series, in spite of the fact that the 
floor had been cleansed only with water and that the fan was 
running. The average was .32 colonies per minute. 

In this series no pathogenic organisms were found. 

There were eleven varieties, numbered (including duplicates) 
from A to M, inclusive. Of this number six were identified; three 
were traced to their groups; and two were not identified. Of the 
doubtful ones, none were pathogenic for guinea-pigs. In no case 
was there any reaction whatever. 

Series D, No. 2. — Floor was not prepared; three weeks pre- 
viously the walls had been cleaned. Fan running. 

The conditions under which this series was exposed was 
practically the same as for Series E, No. i, except that a longer 
period of time had elapsed after the walls had been cleansed. 
The floor received no preliminary preparation whatever. The 
fan was running during the entire time of exposure. Here again 
the total number of plates exposed was twenty, the total expo- 
sure time being 710 minutes. The number of colonies falling on 
the plates per minute of exposure was the smallest with any 
series up to date. The average was .02 colonies per minute. 

In this series no pathogenic organisms were found. 

There were only six varieties, and only fourteen colonies on the 
entire twenty plates. Of the different varieties, two were 
identified, and four were not. The latter were not pathogenic 
for guinea-pigs. 

Series E, No. i. — Exposed in pus operating-room. Fan run- 
ning. Floor with absolutely no preparation. The walls had 
been cleaned within two or three weeks previously. 

In this series twelve plates were exposed, the total time of 
exposure being the same as for the preceding series, 710 
minutes. 

The floor had had no special preparation, and for some time 
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had had no preparation or care except an occasional mopping. 
The fan was running during the entire time of exposure. 

The number of colonies which fell during this time was 105, the 
average number falHng per minute being .15, somewhat more 
than in the preceding series. 

Six varieties of organisms were found, exclusive of moulds. 
Of these four were identified. The remaining two did not prove 
pathogenic for guinea-pigs when i c.c. of a forty-eight-hour 
culture was injected under the muscles of the back. 

One interesting thing about this series is that B. pyocyaneus 
appeared on one plate, which was exposed under the sink. 
This organism was typical in every way, but though cultures 
were injected into the peritoneal cavities of a rabbit and a guinea- 
pig, no ill effect was noted. 

Series E, No. 2. — Exposed on Sunday, February 7, 1909, in 
different parts of pit in the surgical amphitheater. The walls 
had not been washed for some months. The floor had, had only 
the ordinary preparation — a mopping with water. Fan running. 
No operation. Twelve plates exposed. Total exposure time, 
710 minutes. Total number of colonies on twelve plates, 2. 

Series E, No. 3. — Exposed on Sunday, February 7, 1909, in 
different parts of pit in the surgical amphitheater. The walls 
had not been washed for some months. The floor had had only 
the ordinary preparation — mopping with water. Fan running. 
No operation and scarcely any movement of air in the room 
Twelve plates exposed. Total exposure time 710 minutes. 
Total number of colonies on twelve plates, i. 

Series E, No. 4. — Exposed in a room in the Pathological 
Building. Fan running. Absolutely no preparation of the 
floor. Floor and walls very dirty. 

In this series twelve plates were exposed, the total time of 
exposure being the same as .in all the other series, 710 minutes. 

They were exposed during an experimental operation on a dog, 
the operation being a secondary one through an infected wound. 

Only three varieties were found. The most numerous could 
not be identified. They were large bacilli of irregular shape, 
nonmotile, and of luxuriant growth, evidently a contaminating 
organism which has often been found in the laboratory. It was 
not pathogenic for a guinea-pig. The two other forms were 
isolated. One proved to be M. candidus, while the other was a 
typical colon bacillus. This caused the death of a guinea-pig 
in less than twenty-four hours after intraperitoneal injection, the 
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postmortem showing that the cause of death was an acute 
peritonitis. The organism was grown from the cultures made 
from the peritoneal cavity. 

An interesting feature about this series of plates is the ex- 
tremely large number of mold colonies, and, considering the 
dirty room, the small number of bacteria. It is possible that the 
molds may have killed off the other microorganisms. 

The total number of colonies (exclusive of molds) was 141. 
The average number falling per minute of exposure was .2. 

CONCLUSIONS. 

1. Floor. — When other conditions were the same and a just 
comparison could be made (Series A to C, inclusive), it would 
appear that the presence of some antiseptic in the wash-water 
used upon the floor made a marked difference in the number of 
bacteria falling on the plates per minute (14.2 and 19.6 
colonies per minute with no antiseptic, .65 to 4.08 per minute 
with some antiseptic on the floor). 

2. Fan. — Whether the fan made any difference or not it would 
be hard to say. Comparison of Series A, No. i. with Series 
A No. 2, would go to show that it did not, while comparison of 
Series B, No. i and B, No. 2 would tend to show that there was 
a perceptible difference. 

3. Walls.— The condition of the walls would seem to make 
the greatest possible difference. This was discovered accident- 
ally, for at first it had been overlooked. Ordinarily the head 
nurse in the operating-room takes great pains to have the port- 
able enameled furniture, the floor, and all other accessories in 
spotless condition, while the dust is allowed to gather on the 
walls for weeks. On examining Series D, No. i, we were greatly 
surprised to find almost no colonies and this in spite of the fact 
that the floor had been mopped up with only ordinary water 
and that the fan was running. On investigation, it was found 
that the housekeeper had had the walls of the room thoroughly 
scrubbed a few days previously. Further experiments showed 
that this was a most important factor, for even with the floor 
absolutely uncared for, and with a fan running, practically no 
colonies were obtained after the walls had been cleaned (see 
Series E, No. i). 

4. People in Room. — But even with the dirty walls, and with 
no preparation of the floor, and with the fan running, practically 
no colonies fell on the plates when they were exposed in a room 
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on Sunday, when no one was stirring around (see Series E, 
Nos. I, 2, 3).' 

5. The finding of B. pyocyaneus in a room in which a case in- 
fected with this organism had been operated upon three weeks 
previously is of interest (see Series E, No. i). 

6. The series exposed in the uncared for pathological labora- 
tory should be noted. Here the molds prevailed and there were 
not many bacteria, but B. coli was found. This was the only 
organism in the entire group which was pathogenic for the 
laboratory animals. 

7. In the summer season when the windows are more or less 
open the number of bacteria present seem to be more numerous 
than in the winter season or when the windows are closed. 

From our experience from a bacteriological analysis of the air 
of the operating-room (prepared in the way that we have de- 
scribed) and from our practical experience now in a considerable 
number of abdominal and plastic operations both on dogs and 
human beings the electric fan can be kept running during an 
operation without causing any bacterial infection in the wound. 
Further experiments, however, from this standpoint will be 
necessary before positive deductions can be drawn. Thus far 
the work done seems only to emphasize what we knew before, 
namely, that an aseptic technic is the necessity of paramount 
importance. 

I wish to express my obligations to Mr. Samuel M. Glenn and 
Mr. Harold O. Ruh, of the Bacteriological Laboratory of the 
Western Reserve University, and to Dr. Clyde Cummer, of the 
Medical Department of the Lakeside Hospital, for the detailed 
bacteriological work connected with this research. = 

702 Rose Building. 



1 This experiment would strongly support the idea that contamination of the 
wounds in the operating-room depends mainly upon faults in technic. 

2 In working out varieties of organisms Chester's Determinative BacterioIo"v 
was followed. "' 
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INTRODUCTION 

An enormous literature has gathered about the important subject of 
hsemolysis, but comparatively little attention has been given to the 
intimate mechanism of the process. It is, of course, of interest and 
importance to know that the serum of an animal of given species will 
lake the corpuscles of an animal of another given species; that a 
haemolytic power not normally present in a given serum can be con- 
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ferred on it by immunization of the animal with alien corpuscles; that 
in some diseases the serum becomes lytic to its own corpuscles or to 
the corpuscles of the normal animal ; that a great number of chemical 
substances will lake the erythrocytes of any animal, and so on. But 
it is not less interesting to inquire what happens in the erythrocjrte 
under the influence of any hsemolytic agent when it is laked; why does 
the blood pigment pass out of it; what is the condition of the remainder 
of the corpuscle after it has lost its hsemoglobin; and very specially, 
whether the process is the same in all kinds of laking? This last 
inquiry has been surprisingly neglected. The tacit assumption has 
been made by the majority of writers that haemolysis is haemolysis 
however it is produced. To take one instance, it is curious to observe 
how it has been assumed by writers who have investigated the chemis- 
try of the stromata that it is a matter of no consequence whether the 
blood-pigment has been got rid of by freezing and thawing, by grinding 
up the corpuscles with sand, by the copious addition of water, or by 
the action of ether and similar substances. Recently there have 
been symptoms that the mechanism of haemolysis has excited more 
attention. 

Liebermann' has brought forward evidence that in several forms of 
hajmolysis ("neutral guaiac saponin," soaps) the determining factor 
is the formation of a compound between stroma constituents and the 
hsemolytic substance. 

G. Bayer^ believes that the lecithin of the erjrthrocyte membrane is 
changed into a water-soluble condition by the bile-salts, and that in 
consequence of this the hamoglobin escapes. Proteins, according to him, 
may also be rendered soluble by bile salts. 

Neuberg and Rosenberg^ and Neuberg and Reicher'' lay stress on the 
lipolytic power of certain agglutinating substances (crotin, ricin) and 
of certain hsemolysins (cobra, crotalus, moccasin venom) and suggest 
that a lysis of lipoid constituents of the corpuscles is the fundamental 
change. They state that the lipolytic splitting of lecithin takes place 
under the action of many hsemolytic agents. This may explain the 

' Bio-ohem. Zeit. iv, p. 26, 1907; xiii, p. 363, 1908; Archiv fur Hygiene Ixii p 339 
"■ Bio-chem. Zeit., v, p. 368, 1907; ix, p. 58, 1908: xiii, p. 234, 1908 
= Berl. klin. Woch. ii, Jan., 1907. 
* Bio-chem. Zeit., iv, p. 281, 1907. 
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permeability of artificial lipoid membranes for proferments observed 
by Swart^ or there may be adsorption, without splitting, of lipoid." 

Arrhenius' explains agglutination by acids as due to coagulation of 
proteins in the envelope.. The entrance of acids into the corpuscles and 
therefore their hasmolyzing power is accelerated by lecithin. But he 
gives no satisfactory explanation of how this is brought about. 

Baumgarten' restates his " osmological" explanation of hsemolysis. 
He finds the fundamental cause of the liberation of the blood-pigment 
in an altered permeability of the stroma. He correctly distinguishes 
between total destruction of the corpuscle and liberation of the hsemo- 
globin. Up to a certain point his ideas coincide with those expressed 
in my first paper ten years ago, and repeated and emphasized in several 
succeeding ones. In essential points also my long-published views do 
not seem to differ fundamentally from some of those more recently put 
forward by Koeppe, Liebermann, and K. Meyer. Meyer° examined 
the mechanism of saponin hsemolysis. He states that the first experi- 
ments on the mechanism of saponin-laking were undertaken by Ransom'" 
Two years earlier I published experiments" on this subject, in which by 
physico-chemical methods it was demonstrated that a change in the per- 
meability of the corpuscles to electrolytes and water is an essential part 
of the saponin action. Later" it was shown that the action on the per- 
meability of the corpuscles as regards ions still took place when they 
had been fixed by formaldehyde, and that the constituent on which the 
saponin acted might therefore be assumed to be non-protein. Ran- 
som's valuable investigation concerns the constituent attacked. He 
says it is cholesterin. My experiments concern the immediate physico- 
chemical results of the attack and the way in which those physico- 
chemical changes lead to the liberation of blood-pigment. Meyer" 
denies that Ransom's experiments prove that cholesterin is the 
point of attack. He concludes, himself, that the action of saponin on 
the lecithin of the corpuscles is the important thing." 

' Bio-chem. Zeit., vi, p. 358, 1907. 
" Dauwe: Hofmeister's Beitr. vi, p. 426, 1905. 
' Bio-chem. Zeit., xi, p. 161, 1908. 
* Bio-chem. Zeit., xi, p. 21, 1908. 
» Hofmeister's Beitr. xi, p. 357, 1908. 
"> Deutsch. med. Woch.. xxvii, p. 194, 1901. 
" Joum. of Physiol, xxiv, p. 224, 1899. 
12 Ibid., xxvi, p. 470, 1901. 
" Archiv fur Hygiene, Ixv, p. 293, 1908. 

" Cf. Pascucci: Hofmeister's Beitr. vi, p. 543, 1905, and Porges and Neubauer: 
Wien. klin. Woch., p. 1285, 1907; Bio-chem. Zeit., vii, p. 152, 1908. 
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Koeppe'^ has attempted to explain the various kinds of hsemolysis 
as the result of simple chemical and physical changes in the envelope of 
the corpuscle. The appearance of novelty in these conclusions is partly 
obtained by his ignoring the results of previous workers. On the whole 
also his explanations are too "simple." For example, heat-laking is 
due, he says, really following Hermann,'" to the melting of the fatty 
substances in the wall of the corpuscle when the temperature corre- 
sponding to their melting point is reached. This does not explain why 
in cautious heat-laking the stromata still contain the greater part of their 
electrolytes, whereas, in saponin-laking the electrolytes leave the 
stromata in relatively large amounts. Nor does it explain why electro- 
lytes can be brought out of the ghosts of heat-laked blood by saponin, 
a substance which is believed to act on the corpuscles in virtue of its 
power of dissolving lipoids, and to an equal extent by water, which must 
affect the corpuscles in a different way. Again, Koeppe's explanation of 
heat-laking takes no account of the fact that although ether and saponin 
greatly increase the conductivity of formaldehyde-fixed corpuscles by 
acting on the lipoids, heating formaldehyde corpuscles to the tempera- 
ture of heat-laking does not increase the conductivity of the suspension, 
but may even slightly diminish it just as in normal blood." Further, 
the temperature at which heat-laking occurs is not a perfectly definite 
temperature, but depends both on the duration of the heating and on the 
condition of the corpuscles. The rapidity and completeness of heat- 
laking also depend on the nature and the concentration of the suspend- 
ing liquid. For instance, cane sugar delays laking although it does not 
prevent it.'' These observations have been confirmed by Gros.'" 

Peskind^" has carefully investigated the mechanism of ether-laking 
and sums up " in favor of the hypothesis that the cause of ether-laking 
is the solution and extraction of cholesterin and lecithin from the envel- 
opes of the corpuscles. " " Yet, " he cautiously adds, " a more extended 
research may show that it is only the modification of these substances by 
ether and not their solution that is the cause." For he found that 
ether saturated with cholesterin caused laking in the same strength as 
ether itself. 

>= Pfliiger's Archiv, xcix, p. 33, 1903. 

" Pfliiger's Archiv, Ixxiv, p. 164, 1899; xci, p. 164, 1902. 

" Stewart: Journ. of Med. Research, viii, p. 307, 1902. 

" Ibid., p. 285. 

" Archiv fiir exp. Path, und Pharm., Ivii, p. 64. 

^'Amer. Journ. of Physiology xii, p. 184, 1904. 



MECHANISM OF HAEMOLYSIS 53 

Bang^' repeated Peskind's experiment with the same result, although 
he does not mention Peskind's work in his extensive article. Bang 
showed also that ether saturated with lecithin and cholesterin caused 
laking as rapidly as ordinary ether. He therefore asserts that 
neither lecithin nor cholesterin is the substance affected by ether in 
ether-laking. This reasoning is not conclusive. For some ether might 
be expected to be taken up by the surface of the corpuscles by adsorp- 
tion^^ or distributed over the lecithin and cholesterin of the envelopes 
in accordance with the partition-coefficient, some of the lecithin and 
cholesterin in the external ethereal solution being precipitated. Thus, 
as Peskind pointed out, even although no lecithin or cholesterin might 
be actually removed from the corpuscle, the condition of the envelope 
might be altered so that it became more permeable to water and elec- 
trolytes. Some ether might be expected also to penetrate to the interior 
of the corpuscle. Arrhenius^^ has shown how great the concentration 
of hsemolytic substances in the corpuscles may be in comparison with 
the surrounding liquid, saponin, for example, when equilibrium is 
established, having a concentration 120 times greater, and ammonia a 
concentration 880 times greater in the corpuscles than in the liquid. 
In this connection, the idea developed by J. Traube^* of the relation 
between surface tension and haemolysis is interesting. Starting from 
the theory of Willard Gibbs, that substances which diminish the surface 
tension of the solution strive to wander into the surface so that the con- 
centration of such substances in the surface layer becomes greater than 
in the interior of the liquid, he shows that if we bring a watery phase 
together with solid phases, as blood cells or bacteria, or together with 
another liquid, for example, a lipoid solution, the substances which 
diminish the surface tension of the water most will collect in greatest 

''I Ergeb. der Physiol. Jahrg,, vi, p. 183, 1907. 

^^ The term " adsorption " is not always used in physiological writings in a perfectly 
definite sense. Freundlich considers adsorption to be a process of (physical) con- 
densation of the adsorbed substance upon the surface of the adsorbent. (See paper 
by L. L. and D. D. Van Slyke: Journal of Bio-chemistry, iv, p. 259, 1908.) But 
many writers use the term also for processes not always understood and which seem 
to include certain chemical reactions. Perhaps "mechanical adsorption" might be 
advantageously employed (as by MichaeUs and Rona: Bio-chem. Zeit., xv, p. 196, 
1908) to distinguish the physical process. 

23 Bio-chem. Zeit, xi, p. 161, 1908. 

"Bio-chem. Zeit., x,p.371, 1908; Pfliiger's Archiv, cv, pp. 541, 559, 1904; Traube 
and Blumenthal: Archiv fiir exp. Path, und Ther., xxii, p. 117, 1906; Traube and 
Bickel: Deutsch. Med. Woch, p. 28, 1905. 
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concentration on the surface of the foreign phase, and therefore tend to 
be adsorbed as well as dissolved to the greatest extent in the foreign 
phase. Such substances as ordinary alcohols, esters, ethers, ketones, 
also substances like saponin and bile-acids must for this reason pass 
from physiological salt solution into the lipoid envelopes of the blood 
corpuscles. 

Noguchi" has pointed out the similarity of the lipolytic form of 
hsemolysis to the ordinary amboceptor-complement haemolysis. 

Von Dungern and Coca^" attribute the hemolytic action of cobra 
venom solely to a lipolytic ferment, and, like Bang," deny the existence 
of compounds between lecithin and cobra toxin (toxolecithids) such as 
those described by Kyes^' who, however, has ably defended his position.^'* 

Dautwitz and Landsteiner'" see in hsemolysis by sera and toxins, as 
the essential change, a rupture of the combination of protein and fat- 
like substances on which the integrity of the cell depends." 

I have long been convinced that the mechanism of hsemolysis can 
only be thoroughly understood when we understand the physico- 
chemical properties of the erythrocytes and the relation of these proper- 
ties to their histological structure. A study of the erythrocytes in this 
regard, besides being of interest in itself, is calculated to throw light 
upon the relations of the electrolj^tes of the cells in general to the 
colloids and to that complex which we call protoplasm, relations which 
constitute one, or rather a group of the most important problems of 
physiology and pathology. There is every reason to believe that these 
relations are intimately concerned in the maintenance of the normal 
osmotic equilibrium of the cells and liquids and, therefore, in all 
physiological processes which depend upon the preservation, and in 
all pathological processes which depend upon the upsetting of that 
equilibrium. In particular, we may mention as of interest in this 
connection, such physiological processes as secretion, absorption, the 
contraction of muscle, the conduction of nerve impulses and, possibly, 

^ Bio-chem. Zeit., vi, p. 185, 1907. 

™ Ibid., xii, p. 407, 1908. 

" Ibid., xi, p. 520, 1908. 

" Berl. klin. Woch. Nos. 42 and 43, 1903. 

=>» Ibid., iv, p. 99, 1907. 

»" Hofmeister's Beitr. ix, p. 431, 1907. 

" Cf. Landsteiner and Jagic: Wien. klin. Woch., 1904; Miinch. Med. Woch., 1904. 
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fertilization and growth'^ and such pathological processes as oedema 
and hgemolysis. How the electrolytes of the plasma of blood and 
lymph are related to the proteins of these liquids, how and to what 
extent they pass into the cells, in what physical or chemical conditions 
they exist in the intracellular contents, what consequences follow the 
increase or diminution of normal electrolytes or the introduction of 
abnormal ones, what the regulatory mechanisms are which provide 
against variations beyond the physiological limits, all these are ques- 
tions of great interest. None of them, I venture to think, have been 
exhausted, despite the large amount of attention they have excited in 
recent years. 

The blood and lymph corpuscles have this peculiarity among cells 
that their whole surface is in contact with a liquid of uniform chemical 
composition and uniform molecular concentration. Atlhough this is 
not the case for the whole of the blood or lymph, we can certainly 
assume that it is so for the small portion surrounding a single corpuscle, 
moving freely in the blood stream. It may be far from true, however, 
for a corpuscle which clings for a time to the walls of a capillary through 
which an active exchange of material is going on. Such a corpuscle 
may be in some respects in the position of a corpuscle at the edge of 
a drop of blood on a slide, which may lake even before any visible 
drying occurs. Other cells, such as glandular epithelium, are very 
differently situated. The basal surface of a gland cell is in contact 
with lymph and the alveolar surface with the secretion of the gland. 
The epithelial cells of the intestine are in a similar position. Their free 
ends are in contact with the contents of the gut, their deep ends with 
lymph. Whether or not we consider the envelopes of cells as related 
to precipitation membranes^' in which are concentrated certain con- 
stituents of the liquid phase with which they are in contact, or which 
they enclose, or as surfaces of separation between a solid and a liquid 
phase in which substances that diminish the surface tension collect,'* 
there can be no doubt that their properties must depend to some extent 

^^J. Loeb: Pfliiger's Archiv, Lxxxviii, p. 68, 1901; Amer. Joum. of Physiol, vi, 
p. 411, 1902; Bio-chem. Zeit., v, p. 351, 1907; etc. a. A. P. Mathews, Amer Joum. 
of Physiol, xviii, p. 89, 1907. 

'' Zangger: Ergebnisse der Physiologie, Jahrg., vii, p. 98, 1908. 

^^ Traube: Loc. cit. 
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on the liquids with which they are normally in contact. So that it is 
not permissible to speak of the permeability of, say, the epithelium of 
the convoluted tubules as a property constant, under given conditions 
and for a given substance, for the whole periphery of the cell. For the 
mammalian colored corpuscles, the boundary which separates the homo- 
geneous intracorpuscular contents from the homogeneous plasma may 
be considered as possessing a uniform permeability throughout its 
whole extent. But the kinds of cells for which this assinnption can be 
made are few. Even in the nucleated erythrocytes there are indica- 
tions that absolute uniformity does not exist unless, perhaps, at points 
symmetrically placed with reference to the nucleus. 

For example, in the action of various laking agents on the colored 
corpuscles of Necturus, it may be seen that the poles of the corpuscle 
farthest from the nucleus are first attacked. And when swelling of 
the nucleus is caused by treating sublimate-fixed corpuscles in certain 
ways, the corpuscles do not yield symmetrically to the swelling 
nucleus. In the leucocytes the differentiation of internal structure 
probably carries with it a still greater lack of uniformity in the per- 
meability of the periphery at various points. The same seems to be 
true of striated muscle fibers, the permeability of which for certain 
ions appears to be greater at the end attached to the tendon than 
elsewhere. 

The so-called irreciprocal permeability of frog's skin^' and of intes- 
tinal mucosa^' are probably illustrations of this. It is not absolutely 
necessary to assume that in the latter case the phenomenon depends 
on the presence of two histological layers in the membrane, as Ham- 
burger has suggested. The two surfaces of the epithelial cells must 
of themselves constitute such a double membrane. Even a double 
membrane of parchment paper-collodion shows irreciprocal permea- 
bility, pepsin passing more easily in the direction from parchment 
to collodion, water more easily in the opposite direction. 

I have already published a considerable number of papers on certain 
aspects of several of these questions, and promised" to discuss in 
detail in a future communication the modus operandi of the various 

"= Bayliss: Bio-chem. Zeit. xi, p. 226, 1908. 

" Hamburger: Ibid., p. 443, 1908. 

'' Amer, Joum. of Physiology, viii, p. 103, 1902. 
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haemolytic agents investigated. I now desire to redeem this promise 
by bringing together, as far as possible, in a general view the deductions 
which seem to follow from my own observations, comparing and 
supplementing them with results obtained by others. 

The investigation of certain physico-chemical properties of the cor- 
puscles and their relation to the structure of these cells will constitute 
the first half of this paper, the second half being occupied more specif- 
ically with the mechanism of haemolysis. But this division is merely 
for convenience in the treatment of what is after all a single theme, and 
matters which formally belong to one division may not infrequently 
be referred to in the other. 

Part I. Certain Physico-Chemical Properties op Erythrocytes 
AND Their Relation to the Histological Structure of These 
Cells 

Historical Note. — The fundamental fact that the colored corpuscles 
are practically non-conductors was first observed by me in an investiga- 
tion on the output of the heart, by a method involving the measurement 
of the conductivity of numerous samples of blood before and after the 
injection of sodium chloride solution into the left ventricle. The first 
communication was presented to the American Physiological Society 
in December, 1896.^* 

A more particular account of the phenomenon was published in the 
Journal of the Boston Society of Medical Sciences No. 16, June 15, 1897. 
The paper was dated June 3. I there stated 

1. That the electrical resistance of defibrinated blood is from two to five times 
greater than that of the serum. 

2. That when defibrinated blood is centrifuged and samples taken from different 
portions of the tube, the resistance increases with the proportion of corpuscles in 
the sample. The resistance of a sample from the bottom of the tube may be fifteen 
times that of the serum or even more. 

3. Since in such sediments there is always some serum between the corpuscles 
the conclusion seems warranted that in comparison with the serum the blood cor- 
puscles are non-conductors. 

Thus, a sediment with conductivity only j^ of that of the serum still 
contained 12 per cent of serum by volume. Could this have been all 

S8 Science, Jan. 22, 1897. 
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removed, the conductivity would have been enormously less. In 
another experiment^" a sediment had the conductivity of 3.88 the serum 
86.22, the defibrinated blood 29.48. That is, the conductivity of the 
sediment was only ^V of that of the serum, although the sediment still 
contained 7.7 per cent of serum. Bugarsky and Tangl obtained sedi- 
ments with a conductivity only -gV of that of the serum, and these of 
course were still admixtures of serum and corpuscles. 

In 'discussing the meaning of this remarkable fact, I pointed out 
that two explanations suggest themselves. 

(o) That the corpuscles, while containing dissociated ions and there- 
fore capable of electroljrtic conduction in their interior, are surrounded 
by a non-conducting envelope — an envelope, let us say, which refuses 
passage to the ions that exist in the blood, but not necessarily an envelope 
structurally differentiated from the rest of the corpuscle. 

(6) That throughout the whole substance of the corpuscle the bodies 
(inorganic salts) which would otherwise behave as electrolytes are com- 
bined with non-conducting, non-dissociable molecules, (haemoglobin and 
other proteins,) and thus rendered for the time non-dissociable. 

In attempting to decide between these two explanations, I quoted 
the results of experiments on laMng the blood in various ways, 
some of which seemed consistent with either explanation, but others 
consistent only with the second. For example, when blood is rendered 
laky by repeated careful freezing and thawing, the resistance is not in 
general lessened, but may be somewhat increased; but if distilled water 
be now added to the already laked blood, the resistance (allowing for 
the dilution) is diminished just as if the water had been originally added 
to unlaked blood. This seemed to show that not only may the inorganic 
salts of the corpuscles be bound in non-dissociable combinations within 
the intact corpuscles, but that those combinations, or some of them, can 
exist even after the corpuscles have been laked so long as they are not 
exposed to the dissociating influence of dilution. It was pointed out 
that the stability of the quantitative and even qualitative differences 
in the easily diffusible inorganic constituents not only between the blood 
corpuscles and plasma, but between the organized material and the 
liquid of the tissues in general seems to require some such theory for 
its explanation. 

About a month later W. Roth" announced that the conductivity of 

" Joum. of Med. Research, viii, p. 305, 1902. 
" Centralblatt fur Physiologie, xi, July 10, 1897. 
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the red corpuscles was so small that they ( ould be considered non-con- 
ductors. I thereupon called attention to my results," giving specimens 
of the numerical data and indicating how the phenomenon in question 
might be used to determine the relative volume of plasma and corpuscles 
without the more or less artificial changes entailed by other methods, 
such as the hsematocite method even when the admixture of salt solutions 
is avoided. 

The statement of L. Lohner in a recent paper^ that Burgarsky and 
Tangl first showed that the red corpuscles are bad conductors is incor- 
rect.^' 

Pursuing the subject, I presented** certain facts which showed that 
the still relatively high resistance of blood laked by gentle means (care- 
ful freezing and thawing, careful heating to 60° C, foreign serum, spon- 
taneous laking) was not due to the liberation of the electrolytes of the 
corpuscles in such a form that they could not conduct, since the addi- 
tion of the more violent laking agents (water, supraminimal doses of 
saponin) to the sediment of the laked blood containing the ghosts caused 
a marked increase in the conductivity, while their addition to the 
serum of the laked blood caused a much smaller relative increase in con- 
ductivity, an increase similar to that obtained in normal serum. 

Oker Blom, applying the same methods*' but without reference to 
my work, published a paper containing tables and curves shpwing a 
striking similarity to mine. In subsequent work*" he obtained further 
confirmation of my results, amplifying them in certain points. 

Condition of the intracorpuscular electrolytes. These experiments, 
then, while they did not disprove the idea that the cause of the low 
conductivity of the corpuscles is the existence of the electrolytes in 
them in such a condition that they cannot conduct, lent it no support 
because they failed to discover evidence of the liberation of such 
compounds when the haemoglobin escapes from the corpuscles in the 
act of laking. In short, the net result of the work up to this point as 
regards the question we are discussing, was to throw back the inquiry 

"Ibid., August 7, 1897. 
« Pfluger's Archiv, cxx, p. 193, 1907. 

*' Bugarsky's paper was published in the Centralblatt fiir Physiologie, July 24, 
1897. 
" Joum. of Physiol., xxiv, p. 211, 1899. 
*= Pfluger's Archiv, Ixxix, p. Ill, 1900. 
" Ibid., Ixxix, p. 510; Ixxxi, p. 167, 1900. 
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from the intact corpuscle to the shadow. This statement is based on 
such evidence as the following obtained with several methods of 
laking. 

Spontaneous Laking. 1. The extracorpuscular liquid of dog's 
defibrinated blood which had been laked by standing eight days at 
room temperature, was filtered free from ghosts. It still contained the 
haemoglobin in solution. The conductivity of the liquid, when cor- 
rected for the depressing influence of the hsemoglobin,^' was of the 
same order of magnitude as that of dog's serum, while the conductivity 
of the laked blood was of the order of magnitude of that of dog's 
defibrinated blood,the relation between the two being 3.6 : 1. On 
diluting the filtrate with water, the relative increase of conductivity 
was only as much as occurs in the case of normal serum. 

2. When two suspensions of corpuscles in serum, the one rich and 
other poor in corpuscles, undergo spontaneous laking under the same 
conditions, the conductivity of the second suspension, when laking is 
complete, is many times greater than that of the first. The conduc- 
tivities are of the same order of magnitude as those of suspensions rich 
and poor respectively, in intact corpuscles. The addition of water 
or saponin causes a relatively great increase in the conductivity of 
sediments rich in ghosts and a relatively small increase in conductivity 
of suspensions poor in ghosts. The conclusion is, therefore, warranted 
that the ghosts in parting with their haemoglobin have not in this 
form of laking parted with any large proportion of their electrolytes. 
They remain relatively bad conductors not because they have lost their 
electrolytes but because their relation to electrolytes, both their own 
and those of the serum, remains the same as that of the intact corpus- 
cles notwithstanding the discharge of the haemoglobin. 

Heatrlaking. With cautious heat-laking a similar result is obtained. 

" HEemoglobin, like other non-conductors, depresses the conductivity of a solution 
of electrolytes (in the case of serum, by 1.88 per cent for each gram of dog's oxy- 
haemoglobin dissolved in 100 cc. of serum.) I stated long ago (Studies from Physiol. 
Laboratory, Owen's College, Manchester, p. 144, 1890) that when oxyhsemoglobin 
is dissolved in distilled water there is no convection of it under the influence of a 
voltaic current. Pauli (Hofmeister's Beitr., vii, p. 531, 1906) has recently shown that 
the same is true for the serum proteins freed from electrolytes by dialysis. Like 
other colloids, oxyhsemoglobin exhibits electrical convection when it acquires a 
charge in solutions of electrolytes (Gamgee: Proc. Roy. Soc. bcx. p. 79, 1902.) 
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The extracorpuscular liquid, freed from ghosts, has a conductivity 
of the same order of magnitude as that of the blood serum while the 
conductivity of the sediment is much less. Dilution with water pro- 
duces a much greater relative increase in the conductivity of the sedi- 
ment than of the liquid. Therefore, the influence of water in increasing 
the conductivity of heat-laked blood, is exerted mainly on the ghosts 
and not on the extracorpuscular liquid. The increase of conductivity 
produced by saponin in heat-laked blood can in like maimer be shown 
to be due to an action on the ghosts. 

Saponin. The following facts show that the increase of conductivity 
produced by saponin (or sapotoxin), in the case of fresh blood, is not 
due to the breaking up of protein-salt compounds in the extracor- 
puscular liquid : 

1. Saponin does not produce such an effect on serum. 

2. When saponin acts on defibrinated blood at o° C. a stage can 
be found, when the dose of saponin is not too great, in which the con- 
ductivity is increasing while as yet no haemoglobin has escaped from 
the corpuscles. The increase in conductivity, of course, cannot be due 
to decomposition of combinations of electrolytes in the serum. It is 
probably due to increased permeability of the corpuscles to ions, but 
possibly to some extent to enrichment of the serum with corpuscular 
electrolytes. As soon as the exit of haemoglobin begins, the conduc- 
tivity falls somewhat (depressing influence of the haemoglobin as a 
non-conductor) and goes on falling until all the haemoglobin is liber- 
ated, if the dose is no larger than suffices to cause its complete libera- 
tion. With a larger dose the first stage of increased conductivity is 
still seen and also the stage of decreased conductivity. But the latter 
does not go so far and is succeeded during the exit of the last portion 
of the haemoglobin by an increase of conductivity (due to escape of 
electroljrtes and diminution of the mechanical effect of the corpuscles 
on the conductivity). With still larger doses^' the second stage of 
diminished conductivity may be absent or very slightly marked. 
Here the depressing influence of the haemoglobin is overcome by the 
liberation of electrolytes from the start. 

It is a remarkable circumstance that when the saponin acts at 

*' Experiment iv, Amer. Joum. of Physiol., ix, p. 87, 1903. 
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0° on washed corpuscles^' suspended in saline instead of on defi- 
brinated blood, the stage of increased conductivity is either absent 
or is so short that practically, with minimal doses of saponin, the con- 
ductivity goes on diminishing steadily so long as hsemoglobin is 
liberated. In experiment VI^° with a large dose of saponin acting on 
washed corpuscles, no stage of diminished conductivity can be de- 
tected. The saponin causes a marked increase in conductivity, 
whereas in the same suspension with a small dose the stage of dimin- 
ished conductivity is very distinct, not being preceded, however, by a 
stage of increased conductivity. The most probable explanation of 
these differences is that a serum constituent (in the case of defibrinated 
blood) which combines with or dissolves saponin (cholesterin?) hands 
it over slowly to the corpuscles, or is itself taken up by the envelope 
and continues there to protect the corpuscle, so that the first stage of 
increased permeability without liberation of the hsemoglobin is 
brought about. The envelope alone being affected, the combination 
between the blood-pigment and the stroma is not loosened at this 
stage. Or it may be that such effect as is produced on the envelope 
is only great enough to allow ions to pass through but not yet haemo- 
globin. A similar phenomenon is seen in the case of bile salts acting 
at 0°, although the preUminary increase of conductivity is less marked.^' 

3. The conductivity of the extracorpuscular liquid after laking 
with saponin is not increased, allowance being made for the depressing 
influence of haemoglobin, but that of the sediment is greatly increased" 

4. The conductivity of the extracorpuscular liquid after saponin 
has acted on formaldehyde-fixed corpuscles is such that we must con- 
clude that the increase of conductivity of the suspension is due to an 
increase of conductivity in the corpuscles and not in the extracorpus- 
cular Hquid. 

That saponin produces its effect on the conductivity of blood in 
the same way whether the blood is fixed by formaldehyde or is fresh 
is indicated by the following facts : 

1. When blood is gradually fixed by formaldehyde and acted on by 

*' Experiment vii, Ibid., p. 91. 

"Ibid., p. 89. 

'^ Ibid., p. 93. 

^ Journal of Experimental Medicine, vi, p. 275, 1902. 
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saponin from time to time, the percentage increase of conductivity- 
produced by a given dose of saponin is the same whether laking occurs 
or not." This is especially true when such doses of saponin are 
used as suffice to produce complete laking in unfixed blood. When 
smaller doses are used, the depressing influence of the liberated 
haemoglobin on the conductivity of the extracorpuscular liquid may 
mask the increased conductivity of the partially laked corpuscles or 
the ghosts and cause the conductivity of the unfixed blood to undergo 
a smaller alteration under the influence of saponin than the fixed 
blood. 

2. When the percentage increase in conductivity produced by a 
given dose of saponin on unfixed blood is compared with that produced 
on fixed blood, the effect is found to be approximately the same, pro- 
vided that allowance is made for the depressing influence of the 
haemoglobin. 

How does saponin increase the conductivity of the corpuscles? 
There are three possibilities: (a) by increasing the permeability of the 
corpuscles to the ions of the suspending liquid; (b) by increasing the 
dissociation of ions inside the corpuscle; (c) by increasing the per- 
meability of the corpuscles to intracorpuscular ions. Granted that 
(a) takes place, the conductivity of the corpuscles may be greatly in- 
creased by (6) and (c). If (6) alone occurs without (a) or (c) no effect 
can be produced on the conductivity either of corpuscles or suspend- 
ing liquid. 

If (6) and (c) happen without (a), the conductivity of the suspend- 
ing liquid and, therefore, the conductivity of the suspension would be 
increased by the enrichment of the liquid with intracorpuscular elec- 
trolytes while the corpuscles remain non-conductors. 

In the case of saponin acting on formaldehyde corpuscles (o) must 
be assumed to have taken place, since when a suspension is treated 
with saponin the conductivity of the sediment after centrifugahzation 
is found to be increased, even when the conductivity of the suspending 
liquid is not increased or is diminished. And according to Woelfel's 
observations" when formol corpuscles suspended in cane sugar solu- 
tion are acted upon by saponin, no increase in the ash of the sus- 

^ Joum. of Physiology, vol. xxvi, p. 480, 1891. 
" Bio-chem. Joum., iii, p. 146, 1908. 
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pending liquid takes place. So we may assume that neither (6) nor 
(c) occurs; or that if (b) occurs, (c) does not. I have shown that 
saponin exerts its normal action on unfixed corpuscles in cane sugar 
solution. 

Even in saturated cane sugar solution laking of unfixed corpuscles 
is produced by saponin as rapidly as normal. It is interesting to 
observe how suddenly the greatly crenated corpuscles swell up and 
assume a spherical form before the blood pigment escapes. There is 
every reason to beUeve that saponin exerts its normal action in the 
presence of cane sugar on formaldehyde corpuscles too. We are left, 
then, to the conclusion that saponin increases the conductivity of the 
formaldehyde corpuscles by increasing their permeability to the ions 
of the serum. We have already recognized an increase of permeability 
of the fresh corpuscles at o° C. as the first stage in the action of saponin 
and have shown that this coincides with the taking up of saponin by 
the corpuscles. 

When cholesterin and lecithin are extracted from formaldehyde 
corpuscles by ether, the conductivity of the corpuscles is markedly 
increased and now saponin produces no effect. The inference seems 
clear that the saponin affects the formaldehyde corpuscles by acting 
on the ether-soluble substances. This action, as has been said, must 
be of such a nature as to permit the ions of the suspending liquid to 
pass more easily through the corpuscles than before. It must, there- 
fore, certainly affect the surface layer of .the corpuscles whether it 
exerts any action in the interior or not. This agrees very well with 
the idea that lipoid substances form essential constituents of the surface 
layer of the corpuscles. 

A further fact which indicates that the saponin acts on the surface 
layer of the formaldehyde-fixed corpuscles when it increases their con- 
ductivity is that, after the action of saponin, the corpuscles do not 
clump so readily as before and are more easily dispersed by shaking. 

Recent work has confirmed the idea expressed by Peskind^' that the 
envelope of the corpuscles is not to be considered as composed exclu- 
sively of lipoids, according to Overton's assumption,^^ but that protein, 
probably nucleo-protein, is also an important constituent. 

'= Amer. Joum. of Physiol, viii, p. 404, 1903. 
" Studien Ueber die Narkose, Jena, 1901. 
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Hober^^ has brought forward evidence that neutral salts may alter 
the permeability of the superficial layer of the corpuscles by causing 
changes in the colloids of that layer. The series in which the ions can 
be arranged as regards intensity of action, under given conditions, cor- 
respond approximately to the series for precipitation of proteins (egg- 
albumin). But according to Forges and Neubauer,^* who repeated the 
work of W. Koch,^' although the order of the ions is the same as regards 
their effect on lecithin suspensions as the series found by Hofmeister 
and Pauli for albumin, the concentrations in which they act agree 
much better with the physiological limits in the case of lecithin. They 
therefore give to the lipoids the preponderant role in the envelope. 

Since, in the formaldehyde corpuscles the haemoglobin is certainly, 
and the other proteins probably, altered profoundly, while the cor- 
puscles still remain practically impermeable to the ions of the serum, 
the suggestion is that the surface layer consists in preponderating 
amount of substances not essentially altered by formaldehyde. 

Bile-salts. These substances can still be acted on by bile-salts. 
For sodium taurocholate causes an increase in the conductivity of 
formaldehyde corpuscles similar to that caused by saponin, and without 
any increase in the conductivity of the suspending liquid'". 

In the experiment cited, the conductivity of the control of the 
formaldehyde blood was 52.38, that of the formaldehyde blood after 
the action of the bile salt 74.78. The conductivity of the unfixed 
blood after laking by the taurocholate was 54.99, that of the control 
59.37. 

It is a point worthy of note that when unfixed corpuscles, either in 
natural suspension in serum or suspended in salt solution, are laked 
by sodium taurocholate no increase in the conductivity occurs, or 
rather a diminution due to the influence of liberated haemoglobin. 

Thus in one experiment'' the conductivity, at 0° C, of defibrinated 
blood when 28 per cent of the haemoglobin had been liberated was 
32.21. That of the control (to which sodium chloride solution had been 

" Bio-chem. Zeit., xi, p. 35; xiv, p. 209, 1908. 

»8 Bio-chem. Zeit., vii, p. 152, 1907. 

»» Zeit. fur Physiol.-Chem., xxxvii, p. 181, 1903. 

'" Joum. of Med. Research, loo. cit., experiment 2. 

" Experiment 9, Amer. Joum. of Physiol., ix, loc. cit. 



66 G. N. STBWAET 

added so as to make up approximately for the direct increase of the 
conductivity of the blood caused by the addition of the sodium tauro- 
cholate solution) was 38.06. The amount of serum in the defibrinated 
blood was 58 per cent (by the electrical method). Taking the total 
haemoglobin of the blood as 13 per cent this would give an amount of 
hsemoglobin in solution in the serum equal to 6.4 gr. per hundred cc. of 
serum. This of itself would reduce the conductivity by 11.5 per cent. 
Deducting this from the conductivity of the control, we get 33.7. So 
that at this time no sensible amount of intracorpusuclar electrolytes 
would seem to be taking part in the conduction. After complete laking 
the conductivity was 33.22. If we suppose the haemoglobin now to be 
uniformly distributed over the laked blood, the conductivity of the 
control, after making the requisite deduction for the depressing effect 
of the haemoglobin in the laked blood, would be 29.1. This is certainly 
too low since the whole of the haemoglobin in laked dog's blood cannot 
be held in solution. So that even now if intra-corpuscular electrolytes 
have been liberated the amount must be comparatively small. The 
effect on the ghosts is obviously quite different from that of saponin or 
water. 

The explanation probably is that the bile-salt in general causes lak- 
ing without entrance of water into the corpuscle, at least in moderate 
doses. The hsemoglobin is therefore separated from the stroma and 
discharged through the envelope without dissociation of stroma elec- 
trolytes to any great degree. 

Bile-salt in a certain concentration seems to dissolve the envelope 
so rapidly that swelling of the corpuscle cannot take place, no dif- 
ference of osmotic pressure being established when the envelope has 
been extensively injured, or when the bile-salt destroys or lessens the 
affinity of the corpuscle for water. It is quite in harmony with this 
view that when laking by taurocholate is caused to proceed very 
slowly some of the erythrocytes may be seen to swell up before the 
hemoglobin escapes. In this connection the fact that under the 
influence of taurocholate, the leucocytes in Necturus blood swell little 
if at all, although they may become dim, is of interest. In water they 
swell greatly, as do the nuclei, the contours of cell and nucleus becoming 
very sharp. Here again, it is difficult to avoid the conclusion that 
the preservation of a relatively intact envelope is an essential con- 
dition for the entrance of a large amount of water. 
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Permeability of coripuscles for ammonium chloride. I endeavored 
to obtain evidence as to the possible condition of electrolytes in 
the interior of the corpuscles by investigating the absorption of 
ammonium chloride by unfixed and formol-fixed corpuscles. When 
ammonium chloride in substance is added to blood the corpuscles are 
not laked, although they take up the ammonium chloride freely. Not- 
withstanding the entrance of a relatively large quantity of ammonium 
chloride into the corpuscles and the presence of abundance of the 
ions of that salt in the serum, the corpuscles remain bad conductors 
like those of the original blood. Either, then, the ammonium chloride 
in the interior of the corpuscles is in such a condition that it does not 
ionize and is bound as rapidly as it enters, or the corpuscles after the 
affinities of the stroma have been satisfied and equilibrium has been 
established no longer admit any appreciable amount of ammonium 
chloride or, of course, of the normal serum electrolytes, although what 
has already entered or a portion of it may be ionized. When water is 
added to a sediment of corpuscles artificially enriched with ammonium 
chloride, electrol3i;es pass out of the corpuscles just as they do in the 
case of a sediment of normal blood, but to a much larger extent. The 
parallelism of the two curves shows that the ammonium chloride is 
escaping from the corpuscles in the same way as the normal elec- 
trolytes of the corpuscles do. We infer from this that the condition 
of the ammonium chloride in the interior of the corpuscles is not very 
different from that of the normal intracorpuscular electrolytes. Here, 
then, we have an instance of an electrolyte which readily penetrates the 
corpuscles, but whose ions, when equilibrium has been established, prac- 
tically do not conduct the current from the serum across the corpuscles. 
The addition of water increases the conductivity of a suspension of 
corpuscles artificially enriched by ammonium chloride to a much 
greater degree than the conductivity of a suspension equally rich in 
normal corpuscles. This additional increase of conductivity may be 
due to two things; first, the liberation of ammonium chloride from the 
corpuscles and its solution in the serum; second, the conduction of 
electricity by ammonium chloride ions passing into the corpuscles 
from the serum when the envelopes or the corpuscles as a whole have 
been altered by the water. There is no question as to the first factor. 
That the second may have some influence is indicated by experiments 
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where the conductivity of the sediment of a mixture of formaldehyde- 
fixed corpuscles with ammonium chloride was found to be higher than 
that of the corresponding mixture of formol corpuscles with sodium 
chloride, while the conductivities of the serum of the ammonium 
chloride mixture and of the mixture itself were distinctly less than the 
corresponding conductivities for the sodium chloride mixture. 

Mechanical laking. The results obtained on corpuscles laked by 
mechanical means (trituration with sand) are of special interest. One 
would suppose that this would be the most hkely of all methods to per- 
mit the escape of the (hypothetical) electrolyte-colloid compounds with- 
out change. Fresh ox or sheep's blood was rubbed up in a mortar with 
silver sand previously incinerated and then washed thoroughly with dis- 
tilled water and dried. Evaporation was prevented by covering the 
mortar with the copper rings of a water bath and conducting the trit- 
uration in a cool room. The rubbing was continued until the laking was 
practically complete, as controlled by microscopic examination and by 
centrifuging a small sample from time to time. Serum was separated 
from the defibrinated blood and haemoglobin-containing liquid from the 
laked blood, evaporation being prevented by covering the centrifuge 
tubes with rubber caps. Freezing point and conductivity measurements 
were made on the original blood, on the laked blood after decantation 
from the sand without centrifugalization, on the serum and on the 
hsemoglobin-containing liquid after centrifugalization. In the experi- 
ment the results of which are quoted in Table I ox blood was trit- 
urated for twenty-five minutes. Ninety-five per cent, of the hsemo- 
globin was found to be in solution, representing an oxygen capacity 
of 22 cc. per hundred cc. of blood by Haldane's hsemoglobinometer. 
Besides the measurements of freezing point and conductivity a series 
of observations was made on the influence of dilution with water and 
of saponin on the defibrinated blood, the laked blood and the serum 
with the object of determining whether the laked blood follows the 
curve of a suspension of corpuscles like the defibrinated blood or of a 
homogeneous solution hke the serum. As is seen from Table II and 
Fig. I, the curve for the diluted laked blood resembles that of the 
defibrinated blood much more than that of the serum. The same is 
true for the effect of saponin, which causes a marked increase in the 
conductivity of the laked blood and to exactly the same point as in 
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Laked blood 


.518' 
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Laked blood (top) 




43.78t 






43 


93§ 



* After standing all night in ice-chest, 
t After complete sedimentation of the sand. 
J After centrifuging one-half hour. 
§ After centrifuging another hour. 



All night in ice-chest. 



TABLE II. 



DEFIB. 

OX- 
BLOOD. 



LAKED 
BLOOD.* 



+ 1 vol. water. 
+ 3 vols, water 
+ 5 vols, water, 
+ saponin t 



39.67 
24.28 
17.48 
10.42 
54.52 



43.19 
30.69 
18.99 
10.76 
54.52 



77.76 
45.11 
24.14 
13.06 
73.48 



* After separation of all the unlaked corpuscles, which made up not more than 
0.3 cc. in 15 cc. of the laked blood. The blood was laked in the same way as in the 
experiment of Table I. 

t One-tenth of its volume of an aqueous solution of saponin was added to the 
blood, etc. The saponin solution had a conductivity only sUghtly greater than that 
of the distilled water. 
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the defibrinated blood, while in the case of serum there is a small 
diminution of conductivity. The explanation is afforded by the micro- 
scopic observation that the laked blood was crowded with ghosts. The 
action of water and of saponin is obviously, in the main at any rate, 
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Fia. 1. Conductivities plotted along vertical and dilutions along horizontal axis. 
-S, serum; LB, blood laked by trituration with sand; B, defibrinated blood. 



an action on the ghosts and not on electrolyte-protein compounds liber- 
ated by trituration from the corpuscles. 

In Table III, the results of an experiment in which sheep's blood 
was partially laked by shaking with clean mercury, according to the 
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method of Meltzer and Welch/^ are shown. It ■will be observed that in 
both methods of laking the ^ of the defibrinated blood is somewhat 
diminished by mechanical laking. This agrees with the observation of 
Hamburger"^ and Foa** on the freezing-point of blood laked by freez- 



TABLE III. 



X (5°) X 10« 



Serum from defib. sheep's blood. 



.590\ 
.593/ 



The blood partially laked by shaking with mercury (top) . 



.582 
.578 
.586 
.584 



After further centrifuging (top) . 



The laked blood* 

Another specimen of the laked blood. 



The laked blood + saponin (in substance) f 



The defib. blood ^ .598 

.590 

I .593 

.588 



89.90 



70.22 



76.13\ 
74.78/ 

48.19 

50.10\ 

51.21/ 

69.64 



48.38 



* Forty-two per cent of the blood pigment was in solution, representing an oxygen 
capacity of 7.8 co. per 100 cc. of blood, as determined by Haldane's hsemoglobi- 
nometer. 

t The saponin causes only a very sUght change in the conductivity of distilled 
water. 

ing and thawing, and is in accordance with the conclusion of Moore and 
Roaf°^ that the osmotic pressure of the contents of the erythrocytes is 
normally somewhat less than that of the plasma. 



" Joum. of Physiology, v, p. 255, 1884. 

«^ Archiv fiir Anat. u. Physiologie, p. 486, 1897. 

" Archivio di Fisiologia, i, pp. 199, 342. 

"* Bio-chem. Joum., iii, p. 55, 1907. 
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Osmotic pressure of erythrocytes and of plasma. The conception of 
Moore and Roaf, that while there is equilibrium of osmotic pressure 
between the corpuscles and the plasma there is not equality, is not 
open to any a priori objection. Yet the method of proving this by 
direct freezing-point determinations on sediments rich in corpuscles is 
beset with difficulties. Hober^" has well stated the objections to such 
measurements, not only in the case of blood corpuscles but also in the 
case of solid tissues. Doubtless, it is these difficulties which account for 
the fact that "in the whole extensive literature of cryoscopic measure- 
ments on blood" Moore and Roaf "have only been able to find one in- 
stance in which the freezing point of the separated corpuscles has been 
taken alongside that of the serum. " It is obviously impossible to have 
that uniform distribution of fine ice-crystals in a mass like a blood-cor- 
puscle sediment which is attainable in a liquid like serum. At best, we 
can stir up more or less completely frozen corpuscles. Further, we are 
not determining the freezing point of a homogeneous solution. Between 
the corpuscles are thin layers of serum in capillary spaces, in the 
interior of the corpuscles perhaps pockets of intracellular liquid in the 
interstices of the stroma, and I know of no means of assuring one's self 
whether or not the intracorpuscular and extracorpuscular liquids 
freeze at the same time, or of determining how much each contributes 
to the final result. The fact that the J of defibrinated blood is the same 
as that of its serum indicates that in a suspension containing abundance 
of serum the serum freezes at any rate as soon as the corpuscles. But in 
a sediment of corpuscles it might not be the same . If, now, while the real 
osmotic concentration were the same in the corpuscles and serum, 
and the intracorpuscular contents were to freeze before the serum 
because the latter is in much smaller capillary spaces, the first forma- 
tion of ice in the corpuscles would cause an increase in their osmotic 
pressure by withdrawing water. Water might, therefore, pass into 
the corpuscles from the serum and so reduce the intracorpuscular con- 
centration as to give too small a J for the corpuscles. 

The influence of suspended particles on the freezing point of solu- 
tions, which has been studied by Tezner and Roska" may also play 

*" Physikalische Chemie der, Zelle u. Gewebe p. 41. 

"' Zeit. fiir Physiol. Chem., Ivi, p. 495, 1908; and Tezner, ibid., liv. p. 95. 1907. 
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a part. They showed that by adsorption dissolved substances accu- 
mulate at the surface of the suspended particles, leading to impoverish- 
ment of the suspending liquid and diminution of its A as compared 
■with the A of the pure solution. In sediments rich in corpuscles the 
molecular concentration of the liquid between the corpuscles might 
thus be diminished, and in freezing point observations on the sedi- 
ment the observed A might be smaller than that of the pure suspend- 
ing liquid, although freezing of the intracorpuscular contents might 
not have occurred at all. 

Cause of the low conductivity of the erythrocytes. To return to our 
original question as to the cause of the low conductivity of the cor- 
puscles, the following statements are now permitted: 

1. It must in part be due to a low degree of permeability for the 
ions of the plasma because the conductivity of the defibrinated blood 
is so much less than the conductivity of a dilution of the serum of the 
blood with a quantity of water equal in volume to the corpuscles, even 
when we allow for the relative increase of conductivity of the serum 
produced by dilution. We must assume that the corpuscles neither 
furnish ions to aid in the conduction nor permit the serum ions to pass 
as easily through them as through water. 

2. It may be due entirely to the relatively low permeability of the 
corpuscles for the serum ions and intracorpuscular ions. Obviously, 
no matter how numerous the ions in the interior of the corpuscles 
might be, the corpuscles would still be non-conductors if the ions could 
not pass through them. A vesicle of fat enclosing a solution of elec- 
trolytes would conduct as badly as if the globule consisted entirely of 
fat. 

H. Koeppe's'* idea that we can assume with certainty that in the 
blood corpuscles all the salts are present in the form of neutral mole- 
cules and none dissociated since the corpuscles do not conduct, is 
erroneous, as I have pointed out already .°° 

3. The low conductivity of the corpuscles may be due in part to 
the existence in them of electrolytes in the form of compounds with 
proteins or other colloids or in the form of adsorpates which render 
them for the time non-dissociable. 

"* Archiv fiir Anat. u. Physiologie, p. 504, 1899. 
" American Year-book of Medicine, p. 501, 1900. 
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The envelope of the erythrocytes. In discussing the results of experi- 
ments with saponin on formaldehyde-fixed corpuscles several circum- 
stances were indicated which point to this being an action on the sur- 
face of the corpuscles rather than on their interior, an action which 
permits ions to pass more easily through them so that a great part 
of the resistance which they normally interpose to the conduction of 
the current is abohshed. The most probable analogy to this is the 
withdrawal or the modification of a membrane which interposes a 
resistance to the passage of ions in an electrol5rtic circuit. 

This leads naturally to the question of the existence of an envelope 
in the erythrocytes. There has been much discussion as to this, 
especially in the case of mammahan corpuscles. 

Waldeyer'" sums up his position in these words: " Of the existence of 
a rigid (feste) cortical layer of the red corpuscles I am completely con- 
vinced from my own observation. But the differentiation has not yet 
progressed to the stage of a true membrane capable of isolation." von 
Ebner^' says : " One must assume that the stroma has a denser surface 
layer, which is insoluble in water and capable of osmotic phenomena 
similar to the ektoplasma of a naked living protoplast. Such a struc- 
ture, which, according to Schulze, is described as a crusta, cannot be 
called a membrane." 

Deetjen'^ concluded that an outer envelope of extreme delicacy exists 
in mammalian corpuscles and claims to have demonstrated it histologi- 
cally. 

In a paper already cited'' I described the appearances of the ghosts of 
mammalian corpuscles laked in various ways, especially after partial 
fixation, and stained. The appearances indicated the existence of a 
stroma, in RoUett's sense, bounded by a structure which in ruptured 
ghosts appeared like a ring with a double contour. 

Peskind,'* studying corpuscles in which the formation of bubbles of 
nitrogen had been caused by hydroxylamine hydrochlorate, showed the 
presence of an envelope, apparently free from blood pigment, which 
prevented the bubbles from escaping. 

'» Deutsch. med. Woch. Jahrg. xxi, p. 703, 1895. 

" KoUiker's Handbuch der Gewebelehre, iii, p. 741, 1902. 

" Archiv fvir path. Anat. u. Physiol., clxv, p. 283, 1901. 

" Joum. of Physiology, xxvi, p. 494, 1901. 

'* Amer. Journ. of Physiology, viii, loc. cit. 
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Koeppe/^ staining the shadows with methyl violet, also convinced 
himself that envelopes exist in mammalian corpuscles. 

Lohner" thinks there is an ectoplasmic layer, though not a separable 
membrane, in the mammalian corpuscles. 

In the case of amphibian corpuscles there is good evidence of the 
existence of a distinctly differentiated envelope. W. Preyer^' ob- 
served, in frogs and salamanders, erythrocytes in the process of division 
whose membrane was visible as a fine line with double contour stretch- 
ing between the two portions of the corpuscle. F. Meves," however, 
denies the existence of a membrane in amphibian corpuscles. 

In the large colored corpuscles of Necturus I have demonstrated 
the existence of an envelope which can be histologically differentiated. 
It stains with LofHer's methylene blue after fixation of the corpuscles. 
When the corpuscles are ruptured in various ways the envelope may 
be separated from them as a histologically distinct structure. When 
intraglobular crystallization is caused in these corpuscles this 
structure is seen to be apparently hsemoglobin-free. This is of interest 
in connection with the fact already mentioned, that formaldehyde, 
which exerts a marked action on the blood-pigment, leaves cer- 
tain of the normal properties of the envelope relatively unchanged. 
It may sometimes be seen that under the influence of sodium tauro- 
cholate, the envelope, after becoming distinct in consequence of the 
formation of haemoglobin crystals inside the corpuscles, may disappear 
as if eaten away or dissolved. I have elsewhere'" developed in 
detail the evidence for the existence of an envelope in the Nec- 
turus corpuscles. I will only add here, as further corroboration, 
the fact that the nuclear membrane is so distinct in these corpuscles 
and acts in such a way under the influence of reagents that it is 
not possible to doubt its existence as a histologically differentiated 
envelope. Now, the same staining procedure which brings out the 
nuclear membrane brings out the envelope of the corpuscle. Swell- 
ing and shrinking of the nucleus are not necessarily produced by the 

"* Pfliiger's Archiv, cvii, p. 86, 1905. 

" Archiv fiir mikros. Anat., Lxxi, p. 129, 1907. 

" Archiv fiir path. Anat. und Physiol., xxx, 1864. 

'» Anat. Anzeig., xxvi, p. 529, 1905. 

" Amer. Journ. of Physiology, viii, loc. cit. 
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same reagents as cause swelling and shrinking of the corpuscle. It 
is qmte easy to cause the corpuscle to swell while the nucleus remains 
unchanged in size, as by the action of sapotoxin, and, contrariwise, to 
cause swelling of the nucleus without alteration in volume or shape of 
the corpuscle, as by the action of sodium taurocholate. If the entrance 
of water into the nuclei or its exit is affected at all by tbe properties 
of the nuclear membrane, as it certainly must be, it is difficult to 
resist the conclusion that the passage of water into and out of the cor- 
puscle is also influenced by the corpuscular envelope. And, indeed, 
it could be observed that after treatment of sublimate-fixed corpuscles 
with ammonium sulphide, the addition of Loffler's methylene blue 
caused the swollen corpuscles and nuclei to shrink to their normal size 
(osmotic action of the alcohol in the stain). This shrinking does not 
take place if the corpuscular envelope has been ruptured or so altered 
that it is no longer brought out by tbe methylene blue, even though 
the rest of the corpuscle appears normal. The inference is that the 
shrinking depends upon a property of the envelope rather than on a 
property of the interior stroma. For alcohol causes the passage of 
water out of corpuscles whose envelope is intact and therefore the 
osmotic pressure in the corpuscle rises, leading in turn to the passage 
of water out of the nucleus. If the envelope of the corpuscle has been 
ruptured no difference in osmotic pressure can exist between the 
interior and exterior of the corpuscle, and therefore the nucleus 
remains exposed to a hypotonic solution. 

Another argument in favor of the view that the action of the for- 
maldehyde on the superficial layer of the corpuscles is not so subver- 
sive of its normal properties as its action on the haemoglobin and the 
constituents of the corpuscles more immediately related to the hjemo- 
globin is that corpuscles fully fixed by formaldehyde are capable of 
being agglutinated, or, at least, agglomerated, by specific sera.'" 

Now, agglutination certainly involves some alteration in the surface 
layer of the corpuscles or in the relation of that layer to the agglutinat- 
ing serum. The same suggestion is strengthened by another fact 
observed by me," that corpuscles fully fixed by formaldehyde cause, 

™Cf. Noguchi: Med. Bull. Univ. of Pennsylvania xv, p. 327, 1902; Stewart: Amer. 
Joum. of Physiol, xi, p. 250, 1904. 

"Amer. Journ, of Physiol, xi, p. 250, 1904; xii, p. 363, 1904. 
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on injection into animals, the production of specific agglutinins and 
to a smaller extent of specific hsemolysins. 

Now, whether the substances in the corpuscle which take up or fix 
specific agglutinin or specific hsemolysin are or are not identical 
respectively with the corpuscular constituents (agglutininogens, 
hsemolysinogens) which on injection of the corpuscles into animals 
of a different species give rise to the production of specific agglutinin or 
hsemolysin, there can be no doubt that there is a close relation between 
them. Some writers, like Liebermann'^ and most of Ehrlich's pupils, 
maintain the doctrine of strict identity. Bang and Forssman^' and 
Forssman ** deny this . From its solubilities the active substance appears 
to belong to the somewhat loosely defined group of lipoids, although, as 
Takaki*^ points out, this is not absolutely proved. Coca*' working with 
osmic acid-fixed corpuscles, obtained some results of interest in connec- 
tion with my work on formaldehyde corpuscles. He finds that the specific 
agglutinins of rabbit's serum are quantitatively taken up by ox 
corpuscles fixed with osmic acid. Strongly fixed osmic acid corpuscles 
are still capable of binding specific hsemolysins, although they do not 
give rise on injection to their production. Lightly fixed corpuscles 
cause a slight production of amboceptor. He concludes that the capac- 
ity of protoplasmic constituents to bind specific antibodies is not always 
sufficient to give them the properties of antigens. But we need not 
assume with Bang and Forssman the complete independence of thepro- 
duction of antibody from the antibody-binding substance. Foreign 
serum seems to increase the conductivity of formaldehyde corpuscles 
distinctly," although only slightly in comparison with saponin. The 
calculated conductivity is less than the actual by a small amount 
corresponding, perhaps, in the case of the heated serum, to the increase 
of conductivity produced by increasing the relative volume of suspend- 
ing liquid to corpuscles. The suspending liquid separated by the cen- 
trifuge has practically the same conductivity whether heated or un- 

«2 Bio-chem. Zeit., xi, p. 405, 1908. 

«5 Hofmeister's Beitr., viii, p. 238, 1906. 

" Bio-chem. Zeit., ix, p. 330, 1908. 

«5 Hofmeister's Beitr., xi, p. 274, 1908. 

" Bio.-chem. Zeit., xiv, p. 125, 1908. 

" Joum. of Med. Research, viii, p. 306, 1902. 
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heated serum is added. But the excess of conductivity for the suspen- 
sion with unheated serum over the calculated conductivity is distinctly 
greater than for the heated serum suspension. The sediment of the 
suspension has a higher conductivity in the case of unheated than of 
heated serum, indicating that the permeability of the corpuscles has 
been somewhat increased by the unheated serum, the same change 
as occurs with saponin, only less marked. This is in favor of the 
view that the amboceptor-fixing substance of the corpuscle is not so 
altered by formaldehyde that it cannot act. 

There is evidence that in the case of unfixed corpuscles the ambo- 
ceptor alone can produce a certain change of permeability (influence 
of heated serum) (p. 117) The change of permeability in the for- 
maldehyde-fixed blood is produced only by the action of the unheated 
serum. Yet, agglutination of formaldehyde-fixed corpuscles is caused 
by heated serum. Therefore, agglutination alone is not necessarily 
associated with increased permeability of the corpuscles to serum ions. 
This is an additional argument in favor of the conclusion that the 
agglutination and haemolysis produced by foreign serum are not 
brought about by the same substance. 

The precipitation of corpuscles by dilute acids and acid salts, without 
laking and without affecting the laking of the corpuscles after the 
removal of the precipitants, which has been studied by Peskind,*' 
indicates that the action is on the peripheral layer of the corpuscles 
and that this layer is free from haemoglobin. Peskind says that "the 
haemoglobin contained in the corpuscles is not altered in the least if 
only the exact amount of reagent necessary to agglutinate and precipi- 
tate the corpuscles is employed. Yet all the precipitating agents in 
dilute solution produce alterations in solutions of the blood pigment. 
If moderate excess of reagent be added, the corpuscles will still be 
precipitated, but the blood spectrum shows no band in the red for 
five or ten minutes, depending on the amount of reagent employed. 
The same amount of reagent added to the same amount of sapo- 
toxin- or water-laked blood instantly changes part of the oxyhaemo- 
globin, and this conversion proceeds very rapidly to completion." 

The recent work of Bohr'° and others has indicated that the haemo- 

" Amer. Journ. of Physiology, viii, loc. cit. 

" See Bohr's article in Nagel's Handbuch der Physiologie, i, p. 54, 1905. 
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globin in the corpuscles does not take up oxygen according to precisely 
the same curve as haemoglobin in aqueous solution. This suggests 
that the absorption of oxygen by the corpuscles may be divided into 
two stages: (1) the passage of oxygen into the corpuscle through the 
envelope ; (2) its combination with the haemoglobin. Hiifner°° also has 
remarked that a comparison of the manner in which oxyhsemoglobin 
in solution and blood pigment in situ in the corpuscles behave in the 
presence of reducing agents strongly suggests that in the latter case 
the pigment is protected from direct contact with the reducing sub- 
stance in the plasma by the envelopes of the corpuscles. It would seem 
probable that if any portion of the original protoplasm of the colored 
corpuscle should be retained approximately unaltered in order to 
regulate the exchanges of the corpuscle and, therefore, to govern its 
nutrition as well as its function, it would be the peripheral portion 
which is in contact with the plasma. It would probably be advan- 
tageous for this that the protoplasm should not be loaded with a 
secondary product like haemoglobin. 

My view, then, is, that the low conductivity of the colored corpuscles, 
the leucocytes, and, presumably, of other cells is due (1) to the low 
permeability of the superficial layer of the cell for the ions of the 
plasma or lymph; (2) to a combination (or adsorption) of elec- 
trolytes with the proteins or other constituents of the corpuscle after 
their entrance into it. No evidence has been produced that all the 
electrolytes in the interior of the corpuscle are in such condition as to 
be incapable of conducting. Good evidence has been obtained that 
a portion of the intracorpuscular electrolytes is more easily liberated 
than the rest during haemolysis. This portion may be in solution 
while the rest is adsorbed or combined. 

Conditions governing the permeability of the erythrocytes. As to the 
ultimate reason of the relative impermeability of the corpuscles for the 
ions of the plasma, I have forborne to speculate. 

It is certainly not an absolute impermeability. As Hamburger 
has shown," it is the relative impermeability for the kations only 
which normally prevents the passage of salts into the corpuscles, the 

'"Archiv fiir Anat. u. Physiologie, p. 463, 1907. 
" Ibid., p. 492, 1902. 
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anions being unable to enter without a corresponding number of 
kations. Under the influence of carbon dioxide, anions are able to 
pass into and out of the corpuscles. K. Spiro and L. J. Henderson"' 
have recently shown that with the aid of various substances which con- 
stitute an "inactive alkali reserve," the well-known phenomenon of 
the increase in the titratable alkalinity of the blood plasma under the 
influence of carbon dioxide can be imitated in artificial heterogeneous 
systems. The simplest assumption which will harmonize with the 
fact of the very low conductivity of the corpuscles is that the ions of 
the plasma and also the ions of the corpuscles, if such exist, are unable 
to pass except with difiiculty through the bounding surface of the 
corpuscles. This assumption does not involve any theory of the 
property of the surface on which this relative impermeability depends. 
It can be made equally whether the impermeability is due to (a) 
difiiculty of diffusion of the ions into or out of the corpuscle at its sur- 
face ; (&) difficulty of solution of the ions in the substance of the cor- 
puscle at its surface ; (c) the relatively small adsorption of the electro- 
lytes on the surface of the corpuscle, (d) If we do not include under 
adsorption, as is done by some writers, loose chemical combinations of 
ions with proteins or other constituents of the corpuscle, the relative 
impermeability may be due to the slight afiinity of the outer portion 
of the corpuscle for these. 

Any one of the possibilities mentioned may be true whether the 
corpuscle is homogeneous throughout or whether its outer portion is 
physiologically differentiated into a "Plasmahaut" or envelope, or 
histologically differentiated as well into an actual membrane. The 
existence, or the demonstrable existence, of such an envelope or of 
such a membrane is a question for separate consideration. The ques- 
tion whether, as a matter of fact, the corpuscles are relatively imper- 
meable to certain substances, relatively permeable to others, can be 
investigated as such without reference to the question of the existence 
of an envelope. 

That the serum ions in general do not easily penetrate the corpuscles 
may be regarded as proved, not only as a deduction from the low con- 
ductivity of the corpuscles suspended in serum, but by direct experi- 

'^Bio-ohem. Zeit., xv, p. 114, 1908. 
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ments."' I have myself shown, as was done later by Oker Blom, that 
the conductivity of isotonic sodium chloride solutions in contact with 
blood corpuscles remains practically unaltered. Therefore the ions 
of sodium chloride, quantitatively the most important ions of serum, 
do not easily penetrate the corpuscles even when their concentration 
in the serum is markedly increased. Whether this is due to low 
adsorptive power of the corpuscles to these ions, as Moore and Roaf 
suggest, really does not bear on our present question. The existence 
of potassium in the corpuscles, although they are also practically non- 
conductors when suspended in solutions of potassium salts, could only 
seem to be a difficulty, (a) if a special meaning were given to the term 
permeability, connecting it strictly with physical diffusion, for ex- 
ample; (6) if the impermeability were supposed to be absolute, which 
is not necessary to explain the low conductivity of the corpuscles; 
(c) if the permeability were supposed to be always the same for the 
undissociated molecules of a salt and for its ions; (d) if the corpuscle 
were assumed to preserve exactly the same degree of permeability to one 
and the same substance not only throughout its whole life history, with 
uniform external conditions, but also in different physiological states 
of the organs through which the blood passes or of the plasma in 
which the corpuscles float, and in the presence of varjdng concentra- 
tions of the substance in the plasma. There is no need to assume 
that the permeability of the developing erythrocytes is the same quanti- 
tatively and qualitatively as that of the adult cell. Nor is it our con- 
ception that the permeability is necessarily the same from hour to hour 
in the case of the fully formed corpuscles. 

I have never asserted that either the selective permeability of the 
corpuscles for various substances or their reaction to various hsemo- 
lytic agents depends entirely on the properties of the surface layer. 
On the contrary, I have insisted on the part played by the stroma as 
a whole and have pointed out that the conception of the corpuscle as 
a vesicle, a little bladder filled with haemoglobin solution, will not fit 
in with the facts of haemolysis. I have not suggested, and do not 
imagine, that the permeability of the corpuscles, either for salts or 
for colloids, depends merely on diffusion through physical pores. 

°^ Hedin, Eykman, etc. 
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Neither Traube's "atom-sieve" nor Ostwald's "ion-sieve"" is a very 
satisfying conception in the case of an animal cell, although the results 
of Voigtlander/^ recently confirmed by K. Meyer, "= show that in gela- 
tin-gels the velocity of diffusion of salts diminishes as the concentra- 
tion of the gels increases. In membranes poor in water like the shell 
membrane of the egg, the envelope of fat cells, the sarcolemma of 
muscle fibers, the neurilemma and medullary sheath of nerves, and 
in all probability (considering the low water content of the erythrocyte 
as a whole), the envelope of the colored blood corpuscles, the difficulty 
of diffusion of the ions may be itself a very important factor in the 
low conductivity. 

It is not possible directly to test the question on ordinary cells 
whether inside the cells all the electrolytes are so bound that they 
do not conduct the current. In a large cell like a hen's egg, how- 
ever, the question can be tested. Even if we hesitate to apply the 
results obtained on the albuminous coating, which conducts prac- 
tically as well as an aqueous solution of the salts (apart from the 
ordinary depressing influence of the proteins on the conductivity) 
there can be no fundamental objection, so far as I can see, to applying 
the results obtained with the egg-yolk to the question whether ordi- 
nary cell contents conduct at all. Now, I have shown" that while 
the conductivity of the yolk is three times less than that of egg-white, 
it is still about one-fifth the conductivity of hen's blood serum. 
Whether this relatively low conductivity is due to a low degree of 
ionization of the salts or to mechanical causes (insulation by the fatty 
materials) I have not been able to show. The fact that dilution with 
water causes a much smaller proportional diminution in the conduc- 
tivity of the yolk than in the conductivity of the egg-white might be 
explained as due either to the production of greater dissociation of 
electrolytes in the former or to mechanical separation of the fatty 
globules increasing the average width of the conducting paths. The 
want of effect of saponin on the conductivity of egg-yolk suggests 
again that in the ordinary cell it does not increase the conductivity 

" Zeit. fur. physik. Chem., vi, p. 71, 1890. 

»= Ibid., iii, p. 316, 1889. 

" Hofmeister's Beitr., vii, p. 393, 1906. 

" Joum. of Exper. Med., vol. vi, p. 257, 1902. 
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SO much by diminishing the adsorption or chemical combination of 
electrolytes throughout the substance of the corpuscle as by favoring 
their passage through the envelope. 

Membranes and Electromotive Phenomena. — ^As pointed out in my 
first paper, it is difficult to explain such phenomena as the vastly 
greater conductivity of nerve fibers in the longitudinal than in the 
transverse direction"^ except on the assumption that the membranes 
or envelopes, which cut the current lines in the latter case, interpose 
a great resistance to the passage of the ions. An adsorption or chem- 
ical combination of electrolytes in the interior of the fiber would act 
equally in diminishing the conductivity in whatever direction the 
current is allowed to flow. I do not think that anybody supposes that 
when nerve or muscle is stimulated electrically the current is con- 
ducted entirely by ions outside the fibers and not at all by the fiber 
contents. On the contrary, the most natural explanation of the 
inferior stimulating power of a transversely directed current is the 
smaller intensity of the current which traverses the contents of the 
fibers. 

Guiffr^,'' under Hermaim's direction, still obtained a marked dif- 
ference in muscle even when he made the current density imiform by 
arranging two parallel-fibred muscles in series so that the current 
passed in the longitudinal direction through one and in the transverse 
direction through the other. He considered that he had in this way 
eliminated the difference of resistance as a factor in the difference 
between the longitudinal and transverse excitability. This, however, 
is not the case. For in transverse conduction much more of the cur- 
rent will traverse the interstitial tissue and much less the fiber con- 
tents than in longitudinal conduction, even though the average cur- 
rent density may be the same. 

It is generally assumed that in the interior of the fibers free ions 
exist. They certainly exist in the vacuole contents of the cells which 
possess vacuoles. They exist, as already pointed out, in the contents 
of ova, where they are large enough to allow the question to be directly 
tested. They exist in the liquids expressed from all the tissues investi- 



'« Hermann, Pfluger's Archiv, v, p. 223, 1871; xxxix, p. 490, 1886. 
» Pfluger's Archiv, xxi, p. 470, 1880. 
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gated and in the extracorpuscular liquid of colored corpuscles laked 
after washing away all the sennn constituents with solutions of non- 
electrolytes like sugar. In short, the assumption that all the elec- 
trolytes in the colored corpuscles are so bound that they cannot con- 
duct the current is opposed to all the direct evidence and is inferred 
simply from the fact that the corpuscles have a low conductivity, a 
phenomenon more simply explained by assuming that the envelopes 
which are known to exist in the case of certain kinds of colored cor- 
puscles, at least, are not freely penetrated by ions. Nearly a dozen 
years"" ago I pointed out the far-reaching relations of the low electrical 
conductivity of cells, whether due to badly conducting envelopes or 
not, in the explanation of many of the electrical phenomena of muscle 
and nerve, electrotonic currents and other so-called polarization 
phenomena, the high degree of polarizability of these tissues as com- 
pared with the polarizability of the surface of contact of ordinary solu- 
tions of electrolytes, etc. 

In later papers'" it was pointed out "that the decided increase which 
I found in the potential difference between the belly and tendinous 
extremity of the frog's gastrocnemius, when sapotoxin solution (in salt 
solution) is apphed to the muscle next the tendon, may be due either 
to a change in the permeability of the sarcolemma or to liberation of 
electroljrtes in the fiber contents or to both. A similar though less 
marked increase is produced by sapotoxin in the current of rest of 
nerve." Also'"^ that the increase of conductivity which is known to 
occur in dying muscle may be due not only to increased formation of 
ions in the muscular substance, but to a change in the permeability 
of the muscular membranes. Numerous writers have since apphed 
similar ideas to the detailed discussion of the electromotive properties 
of the tissues, including Macdonald, in a series of important papers'"^ 
Bernstein;"* Briinings;"^ Cremer;"" Tschagonetz,"' who refers to an 

™ Journ. Bost. Soc. Med. Sc; Centralb. f. Physiol., loc. cit., 1897. 

'" Amer. Journ. of Physiol., ix, p. 75, 1903. 

'" Journ. of Exp. Med., vi, p. 259, 1902. 

"^ Thompson- Yates Laboratory. Rep., p. 213, 1902, etc. 

'°* Pfiuger's Archiv, xcii, p. 521, 1902. 

"» Ibid., xcviii, p. 241; Ibid., C, p. 367, 1903. 

>" Zeit. fur Biol., xlvii, p. 562, 1906. 

»"" Ibid., 1, p. 247, 1907. 
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earlier paper of his published in Russian in 1896. Quite recently R. 
S. Lillie"* has made a valuable contribution on the relation of the 
"membranes" of contractile tissues to their electromotive phenomena. 

The objection of Moore and Roaf '°° to the existence of a " membrane " 
which takes part in the regulation of the exchanges between the blood 
corpuscles and the plasma and especially in the regulation of the exchange 
of electrolytes is based, it seems to me, upon a special conception of the 
properties of the membrane. There is no a priori reason for denying 
to the envelope any of the powers of the protoplasm. When we have 
determined that a given substance passes easily, another with difficulty, 
into a corpuscle whose peripheral layer is histologically differentiated 
from its interior, we know no more about the mode of passage of the 
first substance, the cause of the hindrance of the passage to the second, 
than if the histological envelope had not been demonstrated. We have 
to inquire in the one case as in the other whether there is anything in 
the relative solubility of the two substances in the surface layer of the 
cell or in any of its constituents; whether there is any difference in the 
adsorptive power of that layer for the substances, or such a difference 
in its chemical affinity for them as will give the clue to the difference 
in the permeability of the cell to the two substances. We cannot say 
that it is " very unlikely that a membrane would allow haemoglobin to 
pass out of the corpuscles while keeping back the electrolytes" unless 
the nature of the membrane in question is specified. Kahlenberg"" has 
indeed shown that the current view that crystalloids always pass through 
membranes more readily than colloids is untenable. Just the opposite 
may occur. It depends, as Tamann,"' I'Hermite"^ and others showed 
long ago, upon the affinity of the substances for, or their solubility in 
the membrane. 

Moore and Roaf "' made some interesting experiments on the passage 
of electrolytes from erythrocytes and from serum through dialyser 
membranes after treatment in various ways. They consider that these 
experiments afford evidence that the electrolytes in the corpuscles are 

'"« Amer. Joum. of Physiol., xxii, p. 75, 1908. 
"" Bio-ohem. Joum., iii, p. 55, 1907. 

""Joum. of Physical Chemistry, x, p. 141; Trans. Wisconsia Acad., Mar., 1906; 
Chem. Zentralblatt, i, p. 1391, 1906. 

"1 Zeit. fiir. physikal. Chem., x, p. 255, 1892. 
"^Comp. rend., xxxix, p. 1177, 1854. 
"' Log. cit. 
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bound or adsorbed in such a way that they do not conduct, and that 
such compounds or adsorpates are kept back by the dialyser even after 
liberation from the corpuscles. Perhaps, however, they have not taken 
sufficient account of the retention of salts by the ghosts. 

The increase of conductivity in these experiments when the corpuscles 
are laked by freezing and thawing is probably due to two things: (a) 
escape of a portion of the electrolj^tes and some water from the corpus- 
cles; (&) the consequent diminution in the total volume of the corpuscles 
now represented by ghosts, with possibly some increase in the permea- 
bility of the ghosts to ions. The increase of the temperature to 40° C. 
for the conductivity measurement after the freezing and thawing 
might be expected to cause the liberation of a greater amount of elec- 
troljrtes than in my observations, where the conductivity was measured 
at a much lower temperature. 

The further increase in conductivity on dialysis against distilled water 
is due, mainly at least, to escape of a further quantity of electrolytes 
from the ghosts, under the influence of dilution, not to the breaking up 
of combinations still existing between the electrolytes and colloids after 
they have been liberated. 

After the addition of ether to blood in quantity sufficient to cause 
rapid laking no ghosts could be seen, but only masses of granular debris."* 
After water-laking probably every corpuscle is represented by a ghost. 
It is therefore easy to explain why more electrolytes were found in the 
dialysate after ether than after water, without assuming that adsor- 
pates are broken up by the ether after liberation from the corpuscles. 
In the same way, the conductivity of the blood laked by saponin is fur- 
ther increased by heating the laked blood to the temperature at which 
heat itself causes laking. The final conductivity is about the same as 
when the same amount of saponin is added to heat-laked blood. The 
slight excess of conductivity in the former case is accounted for by the 
survival of fewer ghosts. 

The final increase in conductivity on incineration is explained, as 
before, by the consideration that the ghosts even after water-laking 
still retain a considerable portion of salts. Doubtless, these salts are 
in part, at any rate, bound in the ghosts. The same explanation holds 
for the much smaller proportion of salts and the much smaller A of the 
dialysate from the corpuscles than of the dialysate from the serum. 

That the stromata after certain methods of laking still remain relatively 

>" Stewart, Journ. of Med. Res., viii, p. 283, 1902. 
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impermeable to certain salts, although the hsemoglobin has just passed 
out of them, follows from the fact that the ghosts shrink in hypertonic 
sodium chloride solutions as normal corpuscles do, and that the con- 
ductivity of a sediment of ghosts suspended in serum or sodium chlo- 
ride solution is very small. 

They occupy a far larger relative volume of the laked blood and, 
therefore, exercise a far greater effect on its conductivity than might be 
supposed from the comparatively scanty sediments which can be sepa- 
rated by the centrifuge. Nothing can be more inappropriate than the 
terms "rupture of the corpuscles," "breaking up of the corpuscles," 
"solution of the corpuscles," etc., often applied to the changes in haemo- 
lysis. The laked blood is not a homogeneous solution. The main 
reason why its conductivity is not equal to that of a solution of the ash 
of the corpuscles and serum occupying the same volume is that much of 
the electrolytes is still in the ghosts, probably in the form of compounds 
of some kind. Another reason is that the ions of the serum and of the 
corpuscular contents already liberated cannot easily penetrate the 
ghosts. A certain portion of the electrolytes of the ash of course comes 
from lecithin and other compounds which are not electrolytes, by the 
oxidation of phosphorus, e.g. 

The results of Roaf and Alderson'*^ on the dialysis against water of 
erythrocytes treated with chloroform, ether, acetic acid, etc., must be 
interpreted in view of the same considerations. In most, though not 
all, of their experiments, a larger amount of electrolytes dialysed out 
when the corpuscles had been treated in this way than when they were 
dialysed against water without treatment. This may be due, and very 
likely is due in part, to the setting free of electrolytes from combinations 
of some kind within the corpuscles and not to an alteration of the cor- 
puscles which permits electrolj^tes already free to pass out of them. 
But the experiments do not prove this. For although it was seen that 
the corpuscles (dialysed against water) in the control experiments were 
completely laked, only their ghosts being left, this throws no light on 
the questions, how much of the electrolytes had left the ghosts and in 
what way the residue still within the ghosts was retained. A shadow 
laked by foreign serum has the same appearance under the microscope 
as a shadow laked by saponin. Yet the serum-laked ghost retains a 
much larger proportion of its electrolytes. The existence or the r61e 
of the envelope, if it does exist, cannot be determined in this way. The 

"= Bio-chem. Journ., ii, p. 412, 1907. 
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fact, very well illustrated in these experiments, that electrolytes do leave 
the erythrocytes under the influence of anaesthetics may partly ex- 
plain the increase in the osmotic concentration of the blood during 
ether and chloroform ansBsthesia observed by Carlson and Luckhardt,"" 
although they consider that the main factor is the presence of the 
anaesthetic itself in the serum. 

Part II. The Mechanism of Haemolysis 

HcBmochromolysis and stromatolysis. Adopting for the pigment in 
its natural condition within the corpuscle Bohr's term "hsemo- 
chrome, " I conceive of haemolysis as follows : We have to distinguish 
in this process the mere liberation of the blood pigment, or hsemo- 
chromolysis, from the more or less complete destruction or solution 
of the stromata, stromatolysis. HsemocHromolysis plus stromatolysis 
constitutes erythrocytolysis. Unfortunately the term haemolysis has 
been applied indifferently to any process which causes liberation of 
the blood pigment from the corpuscles, being equivalent sometimes 
to haemochromolysis, sometimes to erythrocytolysis. 

Hoppe-Seyler"' considered the native blood-pigment in the corpuscles 
to be a compound of haemoglobin with lecithin. Now in the body leci- 
thin shows a marked tendency to unite with other substances, including 
proteins."^ So that we niay perhaps conceive of the haemochrome 
complex as a hsemoglobin-lecithin-protein combination, a combination 
which is very easily broken up so as to yield haemoglobin. Bang"' has 
shown that lipoid substances, especially bodies like lecithin, may under 
certain conditions be fixed by haemoglobin, possibly in the form of 
adsorpates. 

Sjovall,^" in his study of the staining reactions of the nerve cells and 
fibers with osmic acid, has brought forward evidence that water breafe 
up a loose compound between the lipoids and the rest of the cell contents. 
And Albrecht;'^' quoted by Bang,!^^ states that a similar decomposition 

"' Amer. Journ. of Phys., xxi, p. 162, 

"' See Bohr's article in Nagel's Handbuoh der Physiologie, i, p. 90. 
"* See Glikin in Oppenheimer's Handbuch der Bio-chemie., i, p. 128, 1908; Bang, 
Ergebnisse der Physiologie, Jahrg. vi, p. 136, 1907. 
"» Loc. cit., p. 152. 
"« Anat. Hefte, 1905. 
'" Verb, der Anat. Ges., 1902. 
"^ Ergebnisse der Physiol., vi, 1907. 
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resulting in the setting free of lecithin in the protoplasm of various 
cells, takes place spontaneously after death. 

The essential thing in liberation of the blood pigment is the change 
of the hffimochrome, which exists in colloid or solid solution or perhaps 
as an adsorpate in the stroma or as a weak chemical combination with 
the stroma, into an aqueous solution of haemoglobin, or, at any rate, 
into an aggregate condition which by comparison with its normal con- 
dition in the corpuscles may be denominated water-rich. Given such 
an aqueous solution of haemoglobin in the interior of the corpuscle, 
its liberation follows inevitably. Water-soluble haemoglobin never 
exists in the corpuscle till the moment of laking arrives. It is foreign 
to the corpuscles and is promptly extruded. The mechanism of this 
expulsion of the haemoglobin is certainly an interesting subject of study 
and to that we shall return. But let it be repeated, on our view the 
essential thing is the alteration of the natural blood pigment in the 
interior of the corpuscle. All the fundamental phenomena of haemo- 
chromolysis may indeed occur, as in Necturus corpuscles, without 
liberation of the haemoglobin from the corpuscle. The haemoglobin 
of these corpuscles crystalhzes so readily that by proper graduation of 
the dose of haemolytic agents the haemoglobin liberated in their interior 
may be crj^stallized before it can escape. The entrance of such an 
amount of water from the suspending liquid as wiU dissolve the 
crystals, or perhaps the liberation of a sufficient amount of the intra- 
corpuscular water, leads to the instant escape of the haemoglobin. 

Loffler's methylene blue (alcohol action) causes intraglobular crys- 
tallization without swelling of the corpuscles or nuclei. Here the 
crystallization is not determined by increase of water in the corpuscles. 
What determines it? Perhaps precipitation of proteins, which allows 
the haemoglobin to separate from the stroma, perhaps the solution of 
lipoids. Occasionally Necturus corpuscles become globular under the 
influence of Loffler's methylene blue, and these do not show intra- 
globular crystallization. Probably the explanation is that when the 
alcohol alters the envelope in such a way that much water penetrates 
it the haemoglobin passes into solution and is then liberated, whereas 
the entrance of alcohol without upon the whole any water having 
gone into the corpuscles causes such a change that haemoglobin 
crystals are formed. Intraglobular crystallization in partially dried 
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Necturus blood may be due to the entrance of water through the altered 
envelopes of the corpuscles. An alteration of the envelopes such as 
permits the escape of hemoglobin is therefore not the primary phe- 
nomenon in haemolysis, but rather an alteration in the nature or in 
the relations of the blood pigment within the corpuscle. 

Escape of the hsemoglobin solution through the envelope may be 
due to (1) the altered molecular condition of the stretched envelope 
when the corpuscle is swollen by the entrance of water; (2) a chemical 
or physico-chemical action of the hsemoglobin or the water on the 
interior surface of the envelope. J. Traube*^^ states that hsemoglobin 
has a hsemolytic action, and it may therefore be supposed to act on 
or be taken up by some constituent of the envelope. In virtue of this 
action the haemoglobin passes through the envelope, coming into con- 
tact at the outer surface of the envelope with water or a saUne solution, 
in which it readily dissolves. If it is lytic for the corpuscle it is easy 
to see why the existence of an aqueous solution of it in the interior of 
the corpuscle is incompatible with the integrity of the latter. The 
point to be noted is that haemoglobin is a foreign substance to the 
corpuscle, and there is no evidence that it can be regenerated to haemo- 
chrome. Its liberation may therefore be a phenomenon belonging to 
the same group as the excretion of haemoglobin from the blood by the 
kidney when it exists in sufficient amount in solution in the plasma. 
Only, in the kidney the haemoglobin affects the cells in such a way 
that it passes from its solution into the cells, whereas in the case of the 
laked corpuscle it passes from solution in the cell contents through the 
substance of the cell into the blood plasma. It is certain, however, 
that the liberation of the haemoglobin from the corpuscles in the act 
of laking is not a matter of mere diffusion. For the ghosts separated 
from laked blood contain much less haemoglobin than an equal volume 
of the suspending Hquid. And ghosts once completely freed from 
haemoglobin do not take it up again from the haemoglobin-containing 
liquid. It might be supposed that the affinity or the adsorptive 
power of the stroma for haemoglobin had been lost by the passage out 
of the corpuscles of the constituents by which the blood pigment is 
bound or adsorbed within them. Or, again, the haemol}rtic power of 

"' Traube and Clara Goldenthal, Bio-chem. Zeit., x, p. 390, 1908. 
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hsemoglobin might be supposed to prevent the ghosts from re-accu- 
mulating that pigment. This, however, is unlikely because the 
hsemolytic power of haemoglobin, acting outside the corpuscles, is 
comparatively slight, so slight that haemolysis may remain incomplete 
for many hours in the presence of a large amount of haemoglobin in 
the solution. Further, the hsemolytic action of the blood pigment 
is antagonized by serum (an antagonism which, of course, would 
not affect haemoglobin acting in the interior of the corpuscles), yet 
ghosts take up no more haemoglobin from a serum solution of haemo- 
globin than from an aqueous solution. The most probable explana- 
tion of the failure of ghosts to take up haemoglobin is that the envelope 
has no aflfinity for this substance. In the intact corpuscle it is free 
from haemoglobin for this reason, and normal corpuscles do not take 
up haemoglobin from a solution of it in serum, a fact which I have 
made the basis of a method of estimating the relative volume of cor- 
puscles and plasma in the blood.'^ There is nothing surprising in the 
fact that haemoglobin in the process of laking should pass out of the 
corpuscle through the envelope, while after laking it will not pass in the 
reverse direction. For, firstly, the haemoglobin in the one case is in 
solution in blood serum, or other suspending liquid; in the other case, 
in solution in the contents of the corpuscle, or in some other relation 
to them than that of a solution. 

Irreciprocal permeability for a given substance may just as well be 
produced by a difference in the condition of the substance on the two 
sides of a homogeneous membrane as by a difference in the nature of 
the two surfaces of a membrane exposed to identical solutions. 

In the second place, if the envelope of the cell is histologically dif- 
ferentiated on the side of the cell contents, it might be expected that 
in accordance with the law of W. Gibbs recently used by Traube in 
the discussion of haemolysis, the external and internal surfaces of the 
membrane should exhibit physico-chemical differences leading to 
irreciprocal permeability even of a substance in similar solution in 
contact with these two surfaces. For the passage of substances from 
the plasma into the outer surface of the envelope and of sub- 
stances from the cell contents iato its inner surface would render the 
two surfaces eventually heterogeneous. 

''' Journ. of Physiology, xxiv, p. 356, 1899. 
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Thirdly, there is reason to believe that the condition of the envelope 
of the corpuscle does not remain the same as regards its physico-chemi- 
cal properties during the whole process of laking. For example, at the 
time when hsemoglobin is about to pass out, in some forms of laking, 
it seems that the permeability of the envelope to certain ions is in- 
creased, to diminish again after the liberation of the haemoglobin. 

This is shown by the fact that after various forms of laking the 
swollen ghosts are caused to shrink by the same hypertonic solutions as 
cause shrinking of the intact corpuscles. Even when the corpuscles 
in the act of laking swell up in hypertonic solutions in which they 
were previously crenated, the very same hypertonic solutions may 
cause the ghosts to shrink. It is not quite the same envelope, then, 
through which the haemoglobin makes its exit in laking and which it 
refuses to enter after the laking is finished. 

The question whether it is possible for stromata from which haemo- 
globin has been hberated by the gentlest means — ^that is, with the 
least possible alteration of the stromata themselves — to regenerate 
haemochrome, does not enter into the discussion. If they could do 
so, we might expect the expulsion of the haemoglobin to be the first 
step, or, rather, an essential preliminary to regeneration of the blood 
pigment within them. But whether they possess this power or not, 
they certainly did as erythroblasts possess the power of forming haemo- 
chrome, and the getting rid of the haemoglobin might be looked on as an 
attempt on the part of the protoplasm of the erythrocytes to put 
itself once more in the position of the colorless erythroblasts before the 
formation of the hsemochrome began. The absence of nuclei in the 
mammalian corpuscles, even if we assume the absence of diffused 
nuclear substance, is not a relevant objection. 

As regards the structure of the erjrthrocyte, in its relations to haemol- 
ysis, a brief recapitulation of our conception^^s may be permitted. 
The corpuscles consist of a protoplasmic groundwork bounded 
externally by an envelope. In large corpuscles, like the Necturus 
corpuscle, this envelope is better differentiated than in mam- 
malian corpuscles and, therefore, more easily demonstrated histologi- 
cally. The envelope and stroma consist essentially of lipoids (lecithin, 

'^ Cf. Peskind, Amer. Journ. of Med. Sciences, p. 1011, 1904. 
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cholesterin), proteins (nucleoproteins), with of course, water and salts. 
The interior stroma, but not the envelope, is impregnated with blood pig- 
ment, either loosely combined or adsorbed by it. When gentle hsemol- 
ysis occurs, a change is produced in the envelope by the action of the 
hsemolytic agent on one or more of its constituents. This change 
permits the entrance of a certain amount of the hsemolytic agent as 
well as in general a certain amount of water. By the action of the 
hEemol3rtic agent (or the water) on the stroma, the relation of the 
blood pigment to it is altered so that the pigment goes into aqueous 
solution or becomes water-soluble. This is aided in most cases by the 
entrance of water into the corpuscle from the suspending liquid. The 
envelope allows haemoglobin in watery solution to pass out through 
it. As shown by 0. Pascucci'^" an aqueous solution of hsemoglobin 
cannot be retained by an envelope consisting of cholesterin or of leci- 
thin and cholesterin after the action of saponin, solanin, cobra poison, 
etc. 

The objection of Pascucci*^' that the lipoid content of the corpuscles 
is too high to allow us to suppose that the lipoids belong to a stroma, 
a protoplasmic groundwork filling up the corpuscle, and that the 
analogy is rather with a sheath, like the medullary sheath of nerves, 
proves nothing. In the development of the haemoglobin, it is to be 
supposed that the globin represents a great part of the original protein 
content of the protoplasm, the pigment portion of the molecule being 
everywhere distributed uniformly in combination with the globin. 
It results from the fact that so large a proportion of the original protein 
of the protoplasm is taken up in forming the globin, that the propor- 
tion of lipoids in the stromata appears high. Distributed over the 
whole protein of the corpuscle it is not so. Pascucci's objection to 
the existence of an interior stroma, that when intraglobular crystalli- 
zation is induced we see only crystals and nothing between them, is 
not cogent. The material between them is colorless, and after the 
haemoglobin has separated must certainly be rich in water. It is 
easy to see that when partially fixed corpuscles are laked, the interior 
of the corpuscle is not empty even when all the blood pigment has 
passed out. If the globin represents a part of the original protoplas- 
ms Hofmeister's Beitr., vi, p. 552, 1905. 
« Ibid., p. 543, 1905. 
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mic protein, it is easy to see that through it the hsemoglobin molecule 
may be anchored to the stroma, the globin having affinities both with 
stroma and with hsemochromogen. When water enters the corpuscle 
in more than a certain amount the hsemoglobin — ^in virtue of its solu- 
bility in water — parts company with the stroma, the chief constituents 
of which are insoluble in water, and thus the hsemochrome complex is 
ruptured. In like manner, if a substance like saponin which is capable 
of dissolving lipoids but not proteins or haemoglobin enters the corpus- 
cle in sufficient amount, the lipoids of the stroma go into solution, 
thus parting company with the haemoglobin. It may be that till the 
moment when separation between the hsemoglobin and the stroma 
arrives, the hsemoglobin molecule does not exist as such, but only as 
a complex containing the pigment hsemochromogen, the globin and 
the stroma constituents with which the globin is united. 

When the complex decomposes under the influence of ordinary 
hsemolytic agents which do not act destructively upon the blood pig- 
ment, hsemoglobin is always formed because the affinity of the globin 
for the hsemochromogen is stronger than for the stromata. 

Comparatively little is known about the chemistry of globin, and 
especially about the nature of the union between it and the pigment 
part of the hsemoglobin molecule on the one hand and the stroma, on 
the other. It is a histon, and as such soluble in water, from which it 
is precipitated by especially small quantities of ammonia. It is then 
dissolved with special ease in excess of ammonia. Ammonium salts 
hinder its solution in not too great quantities of ammonia.^^* With 
acids histons form salts, which in the case of the inorganic acids are 
soluble in water. It is possible that these reactions are concerned in 
laking by alkalis and acids as well as in water laking. 

Hsemochromolysis, then, may be produced in two ways: by dis- 
sociating the complex, by exposing it to water — ^that is, by an increase 
in the water content of the corpuscle — or by dissolving the stroma 
without necessarily increasing the water content. In the case of 
many laking agents the two factors act together. A typical instance 
of such agents is saponin, which increases the permeability of the cor- 
puscles to ions by acting on the lipoids of the envelope, and thus per- 

"' Samuely, Oppenheimer's Handbuch der Biochem., i, p. 306, 1908. 
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mits water to enter, while at the same time, if the dose is sufficient, 
it acts directly on the stroma-hsemoglobin combination. When just 
enough saponin is used to liberate all the hemoglobin, the action may 
be considered as approximating to a pure water action. That is to 
say, the minimal dose of saponin need not cause any other change 
than the increased permeability of the corpuscle. Laking will follow 
from this alone. This is the condition in which a relatively small 
quantity of electrolytes leaves the corpuscles with the hsemoglobin. 
If more saponin be added to the ghosts a further action takes place 
which, under certain circumstances, breaks up the ghosts completely 
and under all circumstances causes a relatively large escape of elec- 
trolytes from them. With a supraminimal dose of saponin added to 
the corpuscles at once, the two actions go on together. 

Water itself acts also in both ways, since the addition of it to stromata 
laked by gentle means results in the liberation of a relatively large 
amount of electrol}rtes. Whether the water passes into the corpuscles 
on account of difference of osmotic pressure, in the orthodox sense, 
or by reason of an affinity for water on the part of constituents of the 
envelope or stroma, it certainly acts on the envelope, as shown by the 
agglutination which precedes haemolysis. If may do this either by 
producing imbibition of the lecithin or by acting on the nucleo-protein. 
A similar action on the whole stroma of the already gently laked cor- 
puscle may take place, one sign of the decomposition being the setting 
free of electrolytes. 

That there is something in the nature of a stroma in which the blood 
pigment is distributed is well illustrated by the behavior of sublimate- 
or formaldehyde-fixed corpuscles when caused to swell and shrink 
after a certain degree of fixation has been reached. The same obser- 
vations show that the blood pigment need not be assumed to be in 
solution in the corpuscles in order to explain its uniform diffusion 
throughout the stroma, whether the corpuscle is caused to swell or 
shrink. At a time when the fixation has gone so far that none of the 
pigment escapes from the swollen corpuscle, the tint of the corpuscle 
remains perfectly uniform. There is no appearance of granulation of 
the pigment. Yet, on rubbing up the corpuscles thoroughly with 
sand no trace of pigment passes into the suspending liquid, although 
microscopic examination shows that the corpuscles have been triturated 
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into fragments. The pigment does not go into solution although 
brought into contact with an aqueous hquid because it has been 
rendered insoluble in water. Yet, when the corpuscle swells, the pig- 
ment remains equally distributed over it and it appears exceedingly- 
pale. When the corpuscle shrinks the pigment assumes its original 
distribution and tint. The process reminds one of the paling and 
pigmentation of frog's skin when the pigment cells contract and relax. 
It is difficult to see how a mass of precipitated hsemoglobin or met- 
hsemoglobin such as we know them outside the corpuscles would con- 
tinue to be quite uniformly distributed when the corpuscle is swollen 
and would return to its original and still uniform concentration when 
the corpuscle was made to shrink to its original volume. One would 
have expected rather, if the mass of blood pigment was simply enclosed 
in an envelope which in virtue of osmotic changes became first dis- 
tended and then retracted, that a separation of the pigment from the 
envelope would take place during the distention. Nothing of the 
kind, however, occurs. 

A certain amount of electrolytes accompanies the hsemoglobin in 
its passage out of the corpuscle, either electrolytes which are normally 
in aqueous solution in the cellular liquid or electrol5rtes separated 
from the stroma at the same moment as the hsemoglobin and going 
into aqueous solution along with the pigment, or, possibly, electrolytes 
split off later from the stroma by the dissociating influence of the 
water which has entered. If the action of the hsemoljrtic substance 
is just sufficient to cause liberation of all the hsemoglobin, a great 
part of the electrolytes of the corpuscles still remain in the stroma. 
The electrolytes which still remain may represent: (1) that portion 
which is more firmly bound to the stroma than the portion which 
escapes, constituting as it does the electrolytes necessary for the physio- 
logical condition of the protoplasmic groundwork; (2) a portion of 
the electrolytes in aqueous solution which is unable to escape either 
because the envelope is impermeable to them throughout the whole 
process of laking, or because, although permeable while the corpuscle 
is still swollen, it becomes impermeable again after the discharge of 
the hemoglobin. Such a change in the permeability of the corpuscle 
is illustrated by the fact that in the process of formaldehyde-fixing 
the corpuscle at first becomes more permeable than normal to sodium 
chloride, but later on regains its original impermeability. 
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When the action of the laking agent is more intense, electrolytes 
are split off from the stroma and escape through the still more altered 
envelope and electrolytes already in solution in the ghosts, but unable 
to penetrate the envelope, now become capable of doing so. For 
reasons given in Part I the conclusion was drawn'^' that "the increase 
of permeability of corpuscles produced by saponin is probably caused 
by a corrosive, dissolving or emulsifying action of the saponin 
on some non-protein constituents of the envelope or stroma." 
Evidence was also obtained that "in the first stage of the action of 
saponin on unfixed blood there is an increase in the permeability of the 
corpuscles for ions even before any haemoglobin has been liberated." 
It was suggested that " the liberation of the hsemoglobin may be second- 
ary to this owing to the entrance of water consequent on the dis- 
turbance of osmotic equilibrium."" I showed, however,'" that al- 
though the increased permeability of the corpuscles, which entails the 
entrance of water, is a stage, and doubtless an important one, in many 
kinds of haemolysis, it is not the whole process. 

For, firstly, laking of crenated corpuscles may take place without 
swelling under the influence of sodium taurocholate. Secondly, lak- 
ing may take place on the addition of any of the ordinary chemical 
hsemolytic agents, in substance, to a sediment of corpuscles with so 
small a quantity of serum between them that even if the whole of the 
water of the serum enters the corpuscles it would not be sufficient to 
produce ordinary water laking. 

The red corpuscles are exceedingly poor in water compared with 
other cells, the solids constituting more than 40 per cent of the total 
mass, whereas in thymus leucocytes according to Lilienfeld, the solids 
make up only 11.5 per cent of the whole. So far as I know, the water 
content of erythroblasts before development of the blood pigment 
has not been determined. Yet we can assume that in developing the 
blood pigment in their interior the erythroblasts in all probability 
become poorer in water. It is an interesting speculation whether 
this has any relation to their function. There may be two reasons — 
one functional, the other physico-chemical : (1) to increase the oxygen- 

'^ Joum, of Physiology, xxvi, loc cit., Journ. of Exp. Med., vi, p. 257, 1902. 
'^"Amer. Joum. of Physiology, ix, loc cit. 
^' Journ. of Med. Research, loc cit. 
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binding capacity of unit volume of the blood and therefore to facili- 
tate rapid aeration in the lungs and rapid giving up of oxygen in the 
tissues without too great a blood velocity; (2) to permit the existence 
of the blood pigment as a gel. It seems probable that a body so 
soluble in water as haemoglobin would pass into aqueous solution, 
or a body so capable of dissociation as hsemochrome in the presence 
of water would be dissociated so as to yield haemoglobin, if the water- 
content of the erythrocytes were as high as that of the leucocytes. As 
a matter of fact, when an amount of water considerably less than that 
required to increase the water content of the erythrocytes to an 
equality with that of leucocytes is introduced into them, the haemo- 
globin passes into aqueous solution and is discharged. In the case of 
Necturus corpuscles a still smaller quantity of water causes the trans- 
formation of the hsemochrome in situ into crystalline haemoglobin, 
which is only liberated from the corpuscles when the further amoimt 
of water necessary to dissolve the crystals is introduced. 

In the replacement of the hsemochrome gel by the haemoglobin sol 
or solution, I see a decisive event in haemolysis. Complete haemo- 
chromolysis may, however, not be accompanied by marked stroma- 
tolysis; in part this depends on the quantity of the hsemolytic agent 
employed, in relation of course to the sensitiveness of the corpuscles, 
in part on the nature of the haemolytic agent. Some laking agents, 
even in quantities more than sufficient to liberate all the haemoglobin, 
do not destroy the stromata nor even set free any great amount of 
stroma electrolytes. Such are the biological laking agents. Others, 
even in amounts only sufficient to liberate all the haemoglobin, seem 
to produce considerable changes in the stroma, characterized for one 
thing by the liberation of stroma electrol}rtes. Such an agent is water. 
Others still, like saponin, heating, freezing and thawing, produce com- 
plete liberation of the haemoglobin, while the stroma is not much 
affected, if a strictly minimal action has been sought for; but marked 
effects are produced on the stroma when the action is allowed to 
become more intense. 

It is perhaps the poverty of the erythrocj-tes in water which renders 
them so sensitive to the action of haemolytic agents, since so many 
of these are known to cause the passage of water into the corpuscles 
as a preliminary to laking. Even where an artificial erythrocyte, 
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like a formaldehyde-fixed corpuscle, is laked by heating in ammoniacal 
water, or a formaldehyde corpuscle treated with ammonia and then 
washed till ammonia ceases to be given off is simply heated in water, 
marked swelling of the corpuscles (entrance of water) is necessary 
before laking takes place. The slight drying of the corpuscle which is 
necessary to determine laking in the presence of extracorpuscular 
water in the form of solutions which do not lake normal corpuscles is 
another proof that the erythrocyte exists in a state of unstable 
equilibrium as regards water, even if the limits within which the 
water-content may vary are comparatively wide. 

The normal range of "osmotic resistance" of the corpuscles may 
be not much greater than the range within which the osmotic pressure 
of the plasma in particular capillaries may vary even in health. In 
the kidney, for example, where a secretion whose molecular concentra- 
tion is in general much greater than that of the plasma is formed, the 
molecular concentration of the plasma on the whole must sink. The 
diminution may be very considerable in particular renal capillaries 
or capillary tracts. During absorption of water from the intestine 
the same thing may occur. In disease it may be expected that such 
changes should be exaggerated, and it is possible that various forms 
of hsemoglobinsemia may be due to a haemolysis thus caused or favored. 
On the other hand, in the salivary glands during active secretion a liquid 
of much lower molecular concentration than the plasma is separated 
and therefore here the molecular concentration of the plasma must 
increase. The changes in the plasma of blood drawn from a large 
vessel will, of course, be no index to the possible changes in special 
capillary tracts. It is plain, then, that the colored corpuscles must be 
fitted to withstand considerable variations in the osmotic pressure of 
the plasma. This is in addition to the changes produced by altera- 
tions in their permeability occasioned, for instance, as Hamburger has 
shown, by variations in the carbon dioxide content of the blood in dif- 
ferent regions. Undue stress has been laid on the relative constancy 
of the average concentration of the blood plasma, a constancy which 
tends to obscure the continual and rapid vicissitudes of osmotic pres- 
sure experienced by the corpuscles as they pass along the vascular 
system. If the velocity of the blood stream is pathologically dimin- 
ished in any portion of the kidney or intestines while the excretion of 
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solids or the absorption of water is not, or is not so much interfered 
with, the permissible limit of hypotony may be passed and intra- 
vascular haemolysis may result. Since in water-laking agglutination 
precedes the liberation of the blood pigment, it is conceivable that 
local thromboses may be caused in this way. It is possible that the 
older erythrocytes may normally succumb in such regions of low 
osmotic pressure. 

In his studies on Bothriocephalus anemia Tallquisf^^ obtained 
from the proglottides of the worm a substance of strong haemolytic 
properties and the chemical characters of a lipoid. This substance, 
according to his statements, caused in animals slight but distinct 
anemia with the characters of pernicious anemia. This seemed to 
strengthen the position of those who hold that progressive anemia is 
due to an enterogenous autointoxication. However, E. Bloch"' 
failed to obtain from the feces of a person suffering from progressive 
anemia any substance corresponding in its action to Tallquist's lipoid. 
Indeed, the substances extracted by ether or alcohol from the feces 
of a healthy person possessed the stronger haemolytic action. It is 
quite possible that substances which produce these forms of anemia, 
if they are derived from the bowel, may exert their haemolytic action, 
or a part of it, indirectly by injuring, in the first instance, the intestinal 
epithehal lining, rendering it more permeable than normal to water 
in the direction from the lumen to the blood and lymph, or more per- 
meable than normal to dissolved substances in the direction from the 
blood or lymph to the lumen of the gut. In either case such areas of 
hypotony as have been suggested would be produced in certain vascu- 
lar tracts in the intestinal wall. In paroxysmal haemoglobinuria vas- 
omotor changes associated with exposure to cold may conceivably 
give. rise to such hypotonic regions, in which, of course, the haemo- 
Ijrtic action of the serum (plasma) studied by Donath and Land- 
steiner f^ by Hoover and Stone^* and by others, would be reinforced 
by the hypotony. 

The action of salts and other substances, like cane sugar, which do 

"2 Zeit. fiir. Klin. Med., bd, cited by Bloch. 
"s Bio-chem. Zeit., ix, p. 498, 1908. 
»" Miinch. Med. Woch. Ixi, p. 1590, 1904. 
'"^ Archives of Internal Medicine, Nov. 1908. 
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not easily penetrate the corpuscles, in inhibiting certain kinds of hemol- 
ysis, for example, haemolysis by foreign serum, is probably in part an 
osmotic action which hinders the entrance of water into the corpuscles, 
the water being unable to enter from hypertonic solutions except in 
company with the dissolved substances. There is nothing in this 
inconsistent with Hober's view that certain neutral salts may exert 
an action on the corpuscles which alters their permeability by altering 
the physical condition of the colloids in the superficial layer. Nor is 
there anything inconsistent with my observation that blood charged 
with ammonium chloride, a substance which readily penetrates the 
blood corpuscles, is much less easily laked by foreign serum or saponin 
than normal blood. The circumstance that the foreign serum in this 
case brings electrolytes (doubtless ammonium chloride) out of the 
corpuscles in preference to haemoglobin, whereas normally it brings 
out haemoglobin in preference to electrolytes, is instructive. Here 
we have a corpuscle whose stroma is enriched with a salt which there 
is reason to believe is not all simply in solution, but partly bound or 
adsorbed, perhaps in much the same way as the blood pigment itself, 
but more loosely. The lytic serum increases the permeability of the 
corpuscles and water enters them. But instead of dissociating the 
haemoglobin from the stroma, we may suppose that the water first dis- 
sociates the less firmly held salt, which goes into aqueous solution and 
in this condition easily passes out of the corpuscles. Later on, the 
water accomplishes the solution of the haemoglobin, but more slowly 
and incompletely than in the absence of the salt. The condition of 
a portion of the ammonium chloride in the corpuscle, seems to 
be analogous to that of the relatively small amount of electroljrtes 
which escape from the corpuscle with or before the haemoglobin in 
the laking of normal corpuscles by the more gentle haemolytic agents. 
Some of the ammonium chloride may be more firmly united to the 
stroma, and saponin produces the same marked increase in con- 
ductivity as it does in normal blood. 

In Table X of the paper cited,"° the conductivity of rabbit's ammo- 
nium chloride blood after the action of dog's serum was 106.5. If simple 
mixture had taken place without redistribution of electrolytes, it 

"• Joum. of Physiology, xxiv, p 228, 1899. 
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would have been only 92.3. The difference is not due to mere dilution 
of the blood with serum, since in Table IX the conductivity of normal 
rabbit's blood after addition of dog's serum is less than it would have 
been if simple mixture had taken place, even before escape of the hsemo- 
globin, probably because electrolytes have entered the corpuscles. 
When the osmotic equilibrium is upset by the haemolytic action of the 
foreign serum the corpuscles, abnormally rich in electrolytes, and in 
electrolytes which easily penetrate the envelope, lose a portion of their 
excess, while corpuscles containing the normal electroljrtes in normal 
amount tend at first rather to gain electrolytes from the serum. This 
agrees very well with the idea that normally the osmotic concentration 
in the interior of the corpuscles is somewhat less than that of the serum, 
a condition which may account for the transitory shrinking of the cor- 
puscles in serum haemolysis observed by Baumgarten. 

Hcemolytic experiments on artificial or denatured erythrocytes. In 
order to study the complicated phenomenon of haemolysis by elimi- 
nating certain of the factors, one may have recourse to corpuscles 
more or less altered, for instance, to corpuscles fixed in various ways, 
especially when the nature of the fixative process and the point of 
attack of the fixing reagent are more or less understood. So far as I 
am aware, this method was first employed by me."' I used formalde- 
hyde to fix the corpuscles, also heat, osmic acid, and other agents. 
Matthes"^ employed corpuscles fixed by Hayem's solution (sublimate) 
in certain studies on haemolysis. Sachs"" showed that substances 
like potassium iodide and sodium hyposulphite, which can combine 
with mercury, will lake sublimate-fixed corpuscles, and that serum, 
whether heated or not, whether foreign or belonging to the same 
animal, possesses this property also in virtue of the power of its proteins 
to unite with the mercury salt and to withdraw it from its combinations 
in the corpuscles. Von Dungem and Coca"° have recently aimounced 
that osmic-hardened corpuscles can be laked by foreign sera. In 
formaldehyde fixing, as already mentioned, the erythroc3rte is altered 
so little in certain important respects that we are entitled to look upon 
corpuscles fixed in this way as cells whose envelopes are still exceed- 

'" Journ, of Physiology, xxvi, p. 494, 1901. 

'«8 Munch. Med. Woch., Jan. 7 and Apr. 29, 1902. 

'»» Ibid., Feb. 4, 1902. 

"» Berlin. Klin. Woch, xliv, p. 1471, 1907. 
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ingly good imitations of the envelopes of normal corpuscles — much 
better imitations, it is hardly necessary to say, than those cholesterin- 
lecithin membranes with which Pascucci worked"' and on which 
he obtained results of some interest. The haemoglobin of the formal- 
dehyde-fixed corpuscles is ultimately changed into methsemoglobin. 
The haemoglobin molecule is not disrupted with formation of hsematin 
if only the amount of formaldehyde necessary for fixation be employed 
in sufficiently dilute solution, but it is probably precipitated along 
with the proteins of the stroma. 

The formaldehyde-fixed corpuscles are not laked on suspension in 
distilled water, even on heating, nor by the action of any of the ordi- 
nary laking agents, but can be laked by heating in ammoniacal water. 
Sublimate-fixed corpuscles at a certain stage of fixation do not lake in 
distilled water at room temperature, but do so in ammoniacal water, 
and are laked in distilled water on heating. Both in sublimate and 
in formaldehyde fixation a stage can be foimd at which apparently only 
the peripheral portion of the corpuscle has been hardened, the blood 
pigment in the interior remaining little, if at all, altered. We have, 
then, in the fixed corpuscle a simplified scheme of an erythrocyte on 
which we can study certain questions more readily than on the unalt- 
ered corpuscles. For instance, the permeability of the corpuscles to 
various substances can be investigated with the view of determining, 
uncomplicated by the escape of haemoglobin or stroma constituents, 
whether the normal properties of the corpuscle in this regard are 
retained. I have shown that saponin is fixed by formaldehyde cor- 
puscles from solution at 0° just as by the normal corpuscles. Also 
that ammonium chloride penetrates the formaldehyde corpuscles 
and sodium chioride does not or to a much smaller degree, as 
is also the case in normal corpuscles. Ammonium chloride seems 
to be retained in a manner similar to that in which it is retained in 
the normal corpuscle. After the action of saponin, which renders the 
formaldehyde corpuscle freely permeable to sodium chloride as well 
as to ammonium chloride, no binding of the latter seems to occur. 
This is also true of the ghosts of normal corpuscles laked by saponin 

Since formaldehyde corpuscles acted on by saponin are equally per- 

"1 Loc. cit. 
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meable to sodium chloride and ammonium chloride, and the saponin 
action is a surface action, or at any rate is not associated with the 
setting free of electroljrtes in the interior of the corpuscles, the selective 
permeability of formaldehyde corpuscles for ammonium chloride is 
largely an affair of the envelope. It is at any rate not due to an action 
of the formaldehyde or the formaldehyde-protein compounds, since 
there is no reason to believe that these are acted on by saponin. No 
difference between sodium chloride and ammonium chloride in the 
case of heat-laked blood, either mammalian or fowl's, was observed. 
In the case of saponin-laked and water-laked corpuscles, however, the 
characteristic difference between sodium chloride and ammonium 
chloride still persisted, the former shrinking the ghosts, the latter not. 
The peculiarity of the corpuscles on which the selective permeability 
depends is therefore a property of the stroma (with its envelope), a 
property which is destroyed by exposure to the temperature at which 
heat-laking occurs. But the experiments do not exclude the blood 
pigment in situ from a share in the action. 

In the fixed corpuscle the relation of blood pigment to stroma must 
of course be very different from the normal. But although the com- 
bination is artificial, it is none the less interesting to ask the question 
whether and how liberation of the blood pigment is brought about. 
The conditions of liberation of the blood pigment when it exists in a 
more or less known state in the corpuscle ma}^ be expected to throw 
light on the state of the pigment in the normal corpuscle, from which 
it can be liberated by establishing certain known conditions. The 
formaldehyde itself, in such concentrations as were used for fixing, 
causes at first a small amount of laking. During this period the cor- 
puscles can be shown to be more permeable than normal, not only to 
sodium chloride, but also to ammonium chloride. Later on, as fixing 
proceeds, the corpuscles again become as impermeable to sodium 
chloride as normal corpuscles, while still remaining relatively per- 
meable to ammonium chloride. It is probable that the sam.e action 
of formaldehyde which causes the slight preliminary laking causes the 
increase of permeability to sodium chloride, an increase of per- 
meability which in the sodium chloride suspensions conspires to in- 
crease the haemolysis by permitting the entrance of water into the 
corpuscles. When the corpuscles are fully fixed, as has been said, 
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they are incapable of being laked by ordinary procedures. Yet if the 
corpuscles be suspended in water and treated with dilute ammonia 
slow laking occurs at ordinary temperature, while on heating to 60° C. 
or, indeed, to a lower temperature, rapid and complete libera- 
tion of the blood pigment ensues. What is the mechanism of hsemol- 
ysis in this case? It might be thought, that the same change occurs 
as in the normal corpuscles which are hsemolyzed by alkalies. But 
this is not an ordinary alkali action, for it is obtained far less easily 
with sodium hydroxide, although sodium hydroxide is a stronger base 
and lakes ordinary corpuscles in a smaller concentration than ammonia. 
Nor is it due directly to the action of ammonia on the blood pigment. 
For both ammonia and sodium hydroxide change the methsemoglobin 
and alter the color and spectrum of the blood pigment in precisely the 
same way and with equal ease. Further, the change in the color of 
the blood pigment is not an essential condition of the laking. For, 
if after addition of ammonia the corpuscles be washed with water till 
the washings give no alkaline reaction to litmus, the blood pigment 
reverts to its original brown color and shows again the spectrum of 
methaemoglobin. The corpuscles have exactly the appearance of 
ordinary formaldehyde-fixed corpuscles. They differ essentially how- 
ever in this, — ^that they can now be laked completely by heating in 
water without further addition of ammonia. Either, then, ammonia 
still remains fixed in some constituents of the corpuscles, although not 
affecting the blood pigment, or it has produced a change in some of 
the corpuscular constituents which is permanent after the excess of 
ammonia has been washed out. When formaldehyde corpuscles are 
tested at intervals during the process of fixation, it is found that at 
first they are easily laked in water alone at ordinary temperature. 
Later on water does not cause laking at the ordinary temperature, 
but does so when the temperature is raised. It is not necessary that 
the temperature should be raised to that of heat-laking of unfixed blood 
corpuscles. Complete liberation of blood pigment has been obtained at 
40° C. in a few minutes. Still later the corpuscles become incapable 
of being laked in water at any temperature. At this stage the addition 
of ammonia will cause laking in water at the ordinary temperature. 
At a still later stage in the fixation process not only must ammonia 
be added, but the temperature must be raised in order to obtain libera- 
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tion of the blood pigment. Finally even ammonia and heat will only 
cause swelling and pahng of the corpuscles without liberation of the 
pigment. At this stage ammonia still easily penetrates the corpuscles 
as is shown by the instant change in color from brown to red when it 
is added. For a considerable time, as fixation goes on, although the 
color of the suspension is distinctly brown, the spectrum shows strong 
oxyhsemoglobin bands along with a methseglobin band in the red of 
moderate strength. The cautious addition of ammonia causes the 
band in the red to disappear without any effect on the oxyhsemo- 
globin bands. If more ammonia be added, a new band makes its 
appearance just to the left of the D line. The most likely interpreta- 
tion of these appearances is that the formaldehyde, penetrating into 
the corpuscles, first changes the more superficial portion of tbe blood 
pigment into methsemoglobin, while the interior portion for a time 
remains unchanged. If this be true, then at this stage we have a cor- 
puscle in whose interior the normal blood pigment stUl exists, but 
is not liberated by the action of water because water cannot now pro- 
duce the changes in the external layer associated with the water-laking 
of the normal corpuscle. In other words, the partially fixed formalde- 
hyde corpuscle is an instance of a corpuscle protected against ordinary 
laking agents by an alteration in the superficial layer. If, now, at a 
sufficiently early stage of fixation, we act on the corpuscle by ammonia, 
it is restored as regards water-laking to the position of a normal cor- 
puscle. The ammonia in this case affects the partially fixed peripheral 
layer of the corpuscle in two ways : (1) increasing its permeability for 
water; (2) altering the methsemoglobin. It is not the change of 
methaemoglobin into alkaline methsemoglobin which is the important 
thing, since after washing away the ammonia the brown color is restored 
and yet the reaction of the corpuscles to water is just the same as if 
ammonia was still present in sufficient quantity to give the typical 
red color. One important effect of ammonia is, therefore, the altera- 
tion of the permeability of the superficial layer. The relation of the 
methsemoglobin to the stroma or its solubility may also have been 
altered. 

Some light is thrown on this point by experiments in which blood 
was rubbed up with sand at various stages of fixation by formal- 
dehyde. It is known that when fresh blood is triturated in this way 
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laking is produced, apparently because the mechanical changes in the 
corpuscles permit the entrance of water from the serum. When for- 
maldehyde-fixed blood is rubbed up at a time when laking can still 
be caused on heating after the addition of ammoniacal water, no evi- 
dence can be obtained that any of the blood pigment goes into solu- 
tion, although the microscope reveals the fragments of numerous 
broken-down corpuscles. The opportunity has been offered to the 
serum of dissolving the blood pigment if it were in a condition to enter 
into aqueous solution. Since it has not done so, we must assume that 
at this stage it is already insoluble in water or such saline solutions as 
serum. A part of the ammonia action therefore in laking formal- 
dehyde-fixed corpuscles must be an alteration in the solubility of the 
blood pigment or in its relation to the stroma. In other words, am- 
monia not only produces a change in the permeability of the cor- 
puscle, but it unfixes the stroma constituents or the blood pigment. 
As to the chemical or physical changes produced by the ammonia, 
we can assume that in part they are the same as those which lead to 
the laking of unfixed corpuscles, alkalies being laking agents in virtue 
of their action on the colloids, forming compounds for example with 
lecithin'^ and with nucleo-histon.*^^ But in addition we must assume 
that ammonia has a special action in breaking up compounds which 
formaldehyde forms with protein. The decidedly smaller effect of 
sodium hydrate in favoring liberation of the blood pigment from 
formaldehyde corpuscles speaks in this sense. 

F. Blum"* came to the conclusion that the combinations of formal- 
dehyde with proteins can be considered as methylene derivatives. Bene- 
dicenti"^ repeated and extended the observations of Blum, using various 
proteins and gelatin. He concluded that the formaldehyde-protein 
compounds are formed by a parallel process to the known reactions of 
aldehydes on ammonia and the amido-compounds, the point of attack 
in the protein molecule being the N-containing groups. If aldehydes are 
brought into contact with ammonia, in general aldehyde-ammonias are 

"2 W. Koch, loc. cit. 

1" For the reactions of nucleohistons and histons which bear on our subject, see 
Samuely, in Oppenheimer's Handbuch der Biochemie, i, p. 308, 1908. 

"* Anatomischer Anzeiger, vol. xi, p. 718, 1895; Zeit. fiir Physiol. Chem., xx, p. 
127, 1896. 

'« Archiv fiir Anat. u. Physiologic, p. 219, 1897 
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formed, a series of compounds which have the empirical composition 
represented by the addition of a molecule of ammonia to a molecule of 
aldehyde. These are unstable compounds, and tend easily to either 
decompose again into their components or to polymerize with loss of 
water. Thus as the final result of the action of ammonia on formal- 
dehyde we obtain a base usually termed hexamethylenetetramine 
(CeHi2N4), which, on heating with acids, is easily split into formal- 
dehyde and ammonia. It is partially decomposed into these substances 
even in neutral watery solutions above 50°C."' Of the reactions of form- 
aldehyde with amido-compounds, the most interesting in connection with 
our subject is that with urea. This compound easily splits up, giving 
off formaldehyde. 

Schwarz"' investigated the action of a series of aldehydes, including 
formaldehyde, on crystallized egg albumin and serum albumin, serum 
globulin and heteroalbumose, and concluded that the formaldehyde 
compounds are to be considered as methylene derivatives of the other- 
wise unaltered protein molecule. Benedicenti"^ found that casein 
treated with formaldehyde binds less hydrochloric acid after treatment 
than normal casein. It becomes quite incapable of swelling in hydro- 
chloric acid and indigestible by pepsin or trypsin. But, according to 
Schwarz, pepsin—hydrochloric acid will digest the formaldehyde-protein 
compounds studied by him although trypsin will not, the difference 
being probably due to the hydrochloric acid splitting off the aldehydes 
and thus freeing the points of attack of the pepsin on the protein mole- 
cule. The compounds which the formaldehyde forms with protein can 
be broken up -by steam, all the formaldehyde being recovered on distilla- 
tion. Gelatin hardened by formaldehyde regains its normal solubility on 
getting rid of the formaldehyde by steam. The serum-albumin formal- 
dehyde compound is precipitated by various salts, including mercuric 
chloride (Schwarz). On ammonium salts formaldehyde acts in a dif- 
ferent way than on ammonia. On heating formaldehyde and an 
ammonium salt under pressure, the ammonia is changed successively 
into mono- di- and trimethylamine"°. 

Sollmann'^" has shown that when the alkalinity passes a certain grade 

"' Meyer and Jacobson, Lehrbuch der Organischem Chemie, 2d Aufl., Bd. i, p. 
749, Leipzig, 1907. 

"' Zeit. fur physiol. Chem., xxxi, p. 460, 1900. 

'" Loo. cit. 

"° Meyer and Jacobson, loc. cit. 

'=" Amer. Journ. of Physiology, vii, p. 220, 1902. 
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the precipitate formed by formaldehyde in a weakly alkaline solution 
of Witte's peptone is redissolved. 

Certain of these reactions, if they take place in formaldehyde cor- 
puscles, would help to explain their peculiar behavior. Unfixing of 
the corpuscle, to the extent that the blood pigment is set free from its 
combination with the stroma, may be due to the union of the ammonia 
with the formaldehyde. Solution of the haemoglobin may be related 
to the fact that ammonia in the slightest i^xcess dissolves globin. It 
is known that the presence of salts hinders the laking action of alkalies 
on unfixed corpuscles. The influence of ammonium salts on ammonia 
laking is especially great.'" The inhibitory action of ammonium 
chloride on the laking of formaldehyde corpuscles by ammonia may 
be accounted for by the hindering effect of ammonium salts on the 
solution of globin by ammonia. If formaldehyde fixes any constit- 
uents of the envelope, the unlocking of these combinations, especially 
when the temperature is raised, may be expected to increase the per- 
meability of the corpuscle to water, and the presence of excess of 
water in the interior of the corpuscle which is indicated by its swell- 
ing before laking mil, of course, favor the solution of blood pigment, 
which, even after the breaking up of the formaldehyde-protein com- 
pounds of the stroma, may still be bound to stroma constituents. In 
this connection the restoration of the power of imbibition of protein 
previously treated with formaldehyde when subjected to the action of 
steam,"^ is of special interest. The favoring action of urea solutions 
on ammonia laking of formaldebyde corpuscles is to be explained 
partly by the reaction of urea with formaldehyde mentioned above, 
partly by the water action of an aqueous solution of a substance like 
urea which readily penetrates the corpuscles. 

In blood partially fixed by formaldehyde and laked by saponin the 
ghosts are not broken up by water, as is the case in ordinary blood laked 
by saponin. The explanation is that while saponin still dissolves 
Kpoids in the ghost, it does not dissolve the protein. Therefore the 
saponin alone does not destroy the ghost. Nor does the water ad- 
mitted by the saponin action from the serum or from the suspending 
sodium chloride solution, or water added to the suspending liquid in 

"' Arrhenius, The Chemistry of Immunity, p. 110, 1907. 
"^ Benedicenti, loc. oit. 
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excess, dissolve the nucleo-protein, since it has been sufficiently fixed 
by formaldehyde. In unfixed corpuscles laked by saponin and then 
treated with water, the saponin dissolves the lipoids of the ghosts and 
the water altea-s the nucleo-protein so that the ghosts disappea-. 

The laking of sublimate-fixed corpuscles by heating in water to a 
temperature not higher than that of heat-laking of unfixed corpuscles 
is an interesting phenomenon. The liberation of the haemoglobin is 
rapid and complete. The ghosts remain remarkably distinct and can 
be filtered off practically without loss. The laking is prevented by 
hj^ertonic sodium chloride solution. Mann's conclusioni^Hhat "when 
a protein coagulated by sublimate is treated with a solution of 
sodium chloride, it becomes soluble" is difficult to understand in view 
of the fact that sodium chloride prevents the laking of sublimate-fixed 
corpuscles by heat, unless we assume that the action of the sodium 
chloride is an osmotic one, water being unable to enter the corpuscle 
from the sodium chloride solution. Yet, after treatment with 10 per 
cent sodium chloride solution laking does not take place even on heat- 
ing with distilled water, possibly because the sodium chloride has 
precipitated nucleo-histon. Sodium chloride precipitates neutral 
salts of histon, while mercuric chloride does not precipitate histons.'" 
In the corpuscles, some of whose constituents have been fixel by 
mercuric chloride, the additional action of sodium chloride may be 
sufficient to determine a change which prevents subsequent laking, 
although the sodium chloride itself does not prevent the laking of 
normal corpuscles. Laking of a water} suspension of sublimate-fixed 
corpuscles by amyl alcohol is also prevented by treatment with 0.9 per 
cent sodium chloride solution. After the action of 10 per cent sodium 
chloride, even ammonium sulphide will not lake sublimate corpuscles. 

If, at the stage of sublimate fixation where laking is readily produced 
by heating in water at 55° C, the fixed corpuscles suspended in water 
be rubbed up with sand at room temperature, no blood pigment goes 
into solution, although the corpuscles are seen under the microscope 
to have been broken down in large numbers to a granular debris. In 
the interior of the corpuscle, then, at this stage none of the pigment 
is in a water-soluble state. Yet it can be shown by spectroscopic 

15' Chemistry of the Proteids, p. 313. 
"* Oppenheimer's Handbuch, loc. cit, 
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examination that much of it is still so little altered that it gives the 
oxyhsemoglobin bands. This is illustrated by the following excerpt 
from the protocols: 

March 2, 1909. Added to ox-blood an equal volume of 4 per cent 
formaldehyde solution (in 0.9 per cent sodium chloride). To another 
portion of the blood added one-fourth of its volume of a saturated 
aqueous solution of mercuric chloride. Kept in cool room. 

March 4. Centrifuged some of the sublimate blood, which has a 
brown color, and a spectrum with a good (methsemoglobin) band in the 
red and two strong oxyhsemoglobin bands. Some blood pigment is in 
solution in the superjacent liquid. This liquid shows a spectrum with 
a strong band in the red in position of methsemoglobin band and two 
fainter bands in position of oxyhsemoglobin bands. On addition of 
ammonia to the liquid the band in the red disappears, and the band of 
alkaline methsemoglobin just to the left of D appears. The two other 
bands persist. Added ammonia to some of the sublimate blood. It 
lakes immediately, and then shows no band in the red. The oxyhsemo- 
globin bands remain unchanged and very strong, and there is a fainter 
band just to the left of D. On comparison of the spectra of the super- 
jacent liquid and the laked blood after addition of ammonia, the follow- 
ing differences are noted: (1) When the two liquids are made of approxi- 
mately equal strength the oxyhsemoglobin bands are much stronger in 
the laked blood. (2) On diluting the laked blood till the tint is consider- 
ably weaker than that of the superjacent liquid, the band immediately 
to the left, of D disappears, while the oxyhsemoglobin bands are still 
quite markedly stronger than in the superjacent liquid. (3) The tint of 
the diluted superjacent liquid when held against the sky has a distinct 
brownish element init;thatof the diluted laked blood is much more nearly 
a pure red. The explanation probably is that in the interior of the cor- 
puscles there is still much unaltered blood pigment, or at any rate blood 
pigment so little altered that it still gives the oxyhemoglobin spectrum, 
even if it is united in some way to the mercury salt. The blood pigment 
liberated in the superjacent liquid is of course more profoundly altered 
by the sublimate. The brown color of the corpuscles is probably due 
to the alteration of the pigment in the more superficial portions of the 
corpuscle. That the bands in the position of the oxyhsemoglobin 
bands are not those of so-called alkaline methsemoglobin was shown 
by observing the spectrum, while ammonia was pipetted on to the blood 
in the parallel-sided trough. No change took place in the bands. 
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The most probable conclusion is that heating causes a change in 
some of the other constituents of the corpuscle than the blood pigment, 
which permits the pigment to go into solution and escape. This 
change is probably not essentially different from that which takes 
place in the heat laking of ordinary corpuscles. The common state- 
ment'^^ is that mercuric chloride does not precipitate oxyhemoglobin 
till the oxyhemoglobin is decomposed and has become brown c ng 
to the formation of hematin. If this is correct we must assume that 
in the partially fixed sublimate corpuscles, at the stage mentioned, the 
undecomposed oxyhemoglobin is prevented from going into solution 
when the corpuscles are triturated with water because the mercury salt 
has fixed some constituents of the stroma. Either the precipitation 
of these constituents throughout the whole substance of the stroma 
mechanically prevents the water from dissolving the oxyhemoglobin, 
which seems quite improbable, or the mercuric chloride, by uniting 
with the stroma constituent of the hemochrome complex, renders the 
hemochrome insoluble to water without essentially altering its spec- 
trum. 

Permeability of the nucleus and its relation to hcemolysis. The nu- 
clear membrane and the envelope of the corpuscle have each their 
special properties. They are not in general affected equally nor in 
the same sense by a given agent. Great swelling of the nucleus can 
be produced while the corpuscles remain of approximately normal size, 
and great swelling of the corpuscle without marked changq^in the size 
of the nucleus. The fact that methylene blue stains the nuclear mem- 
brane as a rule more deeply than the envelope of the corpuscle suggests 
that the quantity of protein in the former is greater. Bing and Eller- 
mann'^° have shown that in the staining of the medullary sheath with 
methylene blue, the absence of the lipoids does not affect the result. 

The absence of swelling of the nuclei of Necturus corpuscles fixed by 
formaldehyde and then laked by ammonia perhaps indicates that the 
nucleus or the nuclear membrane is richer in nucleo-histons and less 
rich in lipoids than the envelope and the stroma of the corpuscle. The 
same explanation may be given for the osmic acid corpuscles, which 
swell on heating in ammoniacal water, while the nucleus does not. 

'=" Gamgee in Schafer's Text-book of Physiology, i, p. 207. 
™ Archiv fiir Anat. u. Physiol., p. 2.56, 1901. 
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On the other hand, the Necturus corpuscles fixed by Hayem's solution 
when laked by water and ammonia show swelling of the nucleus, pos- 
sibly because ammonium chloride does not precipitate histon*^' so 
that the nucleus is in a position to swell on addition of ammonia. 
Ammonium salts of nucleo-histons are soluble in water, and therefore 
the nuclear membrane after the action of ammonia admits water 
easily. Sulphuretted hydrogen added to subhmate corpuscles causes 
laking at the ordinary temperature without swelling of the nucleus or 
change in the intranuclear network. Therefore, the constituents of 
the nucleus or of the nuclear membrane which has been acted upon 
by the mercury salt are either more firmly fixed by it than the con- 
stituents of the corpuscular envelope and stroma, or the breaking up 
of their mercury compounds leaves them relatively unaffected as 
regards their osmotic properties. The fact that sapotoxin does not 
cause swelling of the nucleus when it lakes Necturus corpuscles, 
although it removes some of the stain from the nuclei of heat-laked 
ghosts stained with methylene blue also suggests that lipoids are not so 
important in the nuclear membrane as in the cell envelope, 

Sodium taurocholate does not at first swell the nuclei of Necturus 
corpuscles, although later on they become swollen, possibly by a 
water action owing to the great increase in water in the contents of the 
corpuscle. This conclusion is supported by the fact that urea solution 
(1 per cent) causes swelling of the nucleus as well as of the corpuscle, 
doubtless because urea easily penetrates both, and water itself has the 
same effect. The taurocholate usually does not cause swelling of the 
corpuscles, in which case the excess of water in the corpuscles neces- 
sory for the swelling of the nucleus does not exist, unless the blood pig- 
ment has been already discharged and its place occupied by water. 

It is imnecessary to labor the point that the permeability of the 
nucleus is different from that of the corpuscle. For example, ammo- 
nium chloride is taken up greedily by the extranuclear portion of the 
hen's corpuscle, but not by the nucleus.^" This difference is certainly 
due in part to a difference in the properties of the nuclear and corpusu- 
lar envelopes. But it may be partly due to a difference in the contents 
of the two structures. 

'" Samuely, loc. cit. 

'58 Amer. Journ. of Physiol., viii, p. 107, 1902. 
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Classification of laking agents. This paper is concerned with the 
more general aspects of haemolysis and does not deal in detail with all 
the very numerous laking agents. Certain points, however, in connec- 
tion with the mechanism of laking by some of the groups into which 
hsemolytic agents can be divided, may now be summarized. 

Laking may be brought about by (1) mechanical means (pressure, 
trituration, shaking); (2) physical changes (freezing and thawing, 
heat, condensor discharges, water, drying and subsequent exposure 
to salt solutions); (3) chemical agents (saponin, bile salts, ether, 
chloroform, acids, alkahes, etc.); (4) biological agents (the specific 
hsemolysins, bacterial hsemolysins — ^including the bodies active in 
putrefactive hsemolysis, spontaneous laking, autolysis). 

This classification is not a strict one, although it is useful for purposes 
of description. It is quite probable, for example, that interchange 
of water between the corpuscles and the suspending liquid is produced 
by the first group and that chemical changes are produced by the 
second. On the other hand, physical effects are unquestionably con- 
cerned in the action of such reagents as saponin, which dissolves 
cholesterin and lecithin. In biological hsemolysis properly so called 
both chemical and physical reactions are also in all probability con- 
cerned. 

Mechanical Laking. Possibly the laking produced by shaking is 
due to a precipitaton of some of the colloids of the corpuscles like the 
precipitation of albumin and other proteins studied by Ramsden. The 
laking produced by rubbing up with sand may be due to the alteration 
of the envelope or stroma in such a way as to permit the entrance of 
some water into the corpuscle. Yet it differs from the ordinary water 
laking in this, that the conductivity of the laked blood is but little 
increased, and the action of saponin on the ghosts causes a great further 
increase of conductivity. Another factor in]the laking by trituration 
may be mechanical squeezing of a certain amount of water out of the 
corpuscles, leading to a more labile condition of the blood pigment in 
them analogous to that observed by Peskind,'^»who sawthat after the 
precipitation of corpuscles by slight excess of acid salts (ammonium 
ferrous sulphate) pressure on the cover slip caused the blood pigment 

^' Amer. Joum. of Physiol., viii, p. 411, 1903. 
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to pass out, leaving almost colorless shadows. The intraglobular crys- 
tallization produced by abstraction of water from the corpuscles of 
fishes' blood by hypertonic solutions of salts"" is perhaps a similar 
phenomenon. 

The conclusion that the amount of trituration necessary to liberate 
all the blood pigment does not alter the stroma so profoimdly as water 
does is corroborated by an observation of Belonowski.*" Working 
with the spider poison (arachnolysin) he found that the stromata of 
corpuscles of a species sensitive to the toxin, after laking by rubbing 
up the blood with sand and decanting off the serum, have a much 
greater binding power for the toxin than stromata obtained by the 
method of Sachs (heating to the temperature of heat-laking and treat- 
ment with 6 to 10 volumes of water) or by the method of Pascucci, in 
which treatment with excess of water is also a step. 

Heat-Laking — Reasons have already been given why this cannot be 
considered as due merely to the melting of fatty constituents of the 
corpuscles at a definite temperature. There is every reason to believe, 
however, that combinations containing lipoids are disrupted under 
the favoring influence of heat once a certain critical temperature has 
been passed. The stromata do not entirely lose their semi-permeable 
properties, as they do if the temperature is raised to the coagulation 
point of the serum proteins. Nor in careful heat laking are the elec- 
trolytes liberated from the stromata in such quantity as in violent 
methods of laking like saponin or water laking. Laking by condenser 
discharges, which according to Rollett"^ does not cause liberation of 
the electrolytes along with the haemoglobin, may very well be a form 
of heat laking, as Cremer"' suggests, due to local heating of the badly 
conducting envelopes of the corpuscles. 

Laking of Dried Corpuscles. — After the loss of a certain amount of 
water, as has been shown byme,"^ and in greater detail by my pupil, 
Prof. C. C. Guthrie,"' the erjrthrocytes are laked by isotonic or even 

"° Hamburger, Osmotischer Druck I. 

»" Bio-chem. Zeit., v, p. 65, 1907. 

"2 Pfluger's Archiv, Ixxxii, p. 199, 1900. 

"' Zeit. fur Biol., xlvi, p. 101, 1904. 

"* American Journ. of Physiology, viii, p. 117, 1902. 

"= Ibid., p. 441, 1903. 
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by hypotonic salt solutions, and by their own serum. The per- 
meability of the corpuscles is radically altered by drying at air tem- 
perature, so that dried corpuscles are far less normal in their osmotic 
relations than formaldehyde-fixed corpuscles. Doubtless this is a 
reason why corpuscles fixed by any process in which drying of smears 
is a step stain better than moist corpuscles. Heat fixation causes also a 
great increase in the permeability. It follows from this that fixed 
corpuscles which have been subjected to drying or heating before fixa- 
tion are unsuitable for experiments on permeability, although they 
have sometimes been employed, for instance in the study of the per- 
meability of the corpuscles for dyes. It is easy to see that the loss of 
a certain amount of water may upset the equilibrium of the colloid 
solutions in the corpuscles, leadingitmay be to precipitation of proteins 
and other colloids in the envelope or in the interior of the stroma. *■ 

Laking by Chemical Agents.— K noteworthy circumstance in laking by 
these agents is that a certain amount, even of those which very easily 
penetrate the corpuscles, must be taken up before any haemoglobin 
whatever is liberated. Thus ethyl alcohol, dissolved to the extent of 
10 per cent by volume in 1 per cent sodium chloride solution, does not 
cause the least laking in twenty-four hours in the cold, although the 
blood is still rapidly laked by addition of more alcohol or by water."" 

Laking by Foreign Serum. — ^According to Arrhenius^"^ the immime 
body (amboceptor) is not chemically bound by the erjrthrocytes. 
Perhaps it is taken up by a surface action (adsorption). For, (1), 
like saponin, it is readily taken up at 0° C, that is, the temperature 
coefficient is small. Now, saponin produces at 0° C. almost as great 
an increase in the conductivity of formaldehyde corpuscles as at ordi- 
nary temperature, and therefore its action may be supposed to be 
largely a surface action. (2) The amboceptor is relatively thermo- 
stable, and so is the agglutinin, which certainly has a surface action 
as a fundamental part of its effect. (3) As already mentioned, sub- 
stances which give rise to the production of specific hemolysins and 
agglutinins are still present in the active condition in formaldehyde 
corpuscles. Now, according to Bang and Forssman^"^ the hffimoly_ 

"' Journ. of Med. Research., loo. cit., p. 304. 

'" Chemistry of Immunity, 1907. 

"' Hofmeister's Beitrage, viii, p. 238, 1906. 
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sinogens are substances which can be extracted by ether and similar 
solvents, and we know that the extraction of ether-soluble substances 
from formaldehyde corpuscles produces a change in the surface layer. 
Therefore, probably hsemolysinogenic substance (antigen) is present 
in the surface layer of the corpuscle. So that if the substance in the 
corpuscle which fixes hsemolysin (amboceptor) is identical with hsemol- 
ysinogen or related to it, the amboceptor action might be expected to 
be an action on the surface of the corpuscle. (4) The surface being 
altered by the amboceptor, the complement may gain admittance 
by some reaction with a much greater temperature coefficient than 
that concerned in taking up the amboceptor, a reaction perhaps due 
to ordinary chemical affinity. The permeability of the corpuscle 
to water need not be materially increased by the amboceptor (absence 
of laking in corpuscles charged with amboceptor alone) . 

The complement when fixed may determine the increase of permea- 
bility to water and also the loosening of the bonds between the stroma 
and the hsemochrome. Instead of activation of the complement by 
amboceptor in the serum, the amboceptor at the temperature at which 
laking takes place may be rapidly adsorbed, and the complement more 
slowly, giving rise to gradual laking. Arrhenius believes that a union 
of amboceptor and complement takes place in the interior of the cor- 
puscle. Yet that some change occurs in the permeability of corpuscles 
under the influence of amboceptor alone is indicated by the fact that 
the conductivity of rabbit's blood treated with dog's serum after 
inactivation by heat is not the same as it would have been had a similar 
quantity of an indifferent salt solution been added to the blood instead 
of the dog's serum, but is distinctly less than this. It is interesting 
that in blood artificially enriched with ammonium chloride, foreign 
serum inactivated by heating to 60° produces a change in conductivity 
in the same sense as the unheated serum, although not so marked, 
that is, in the opposite sense to the change produced by foreign serum 
in the case of normal blood. Thus in Table X"° the conductivity of 
the mixture of heated dog's serum and ammonium chloride rabbit's 
blood was 101.4, whereas, if simple mixture had taken place it would 
have only been 91.5. The same explanation may be given of the 
difference as on page 78. 

'" Joum. of Physiol., xxiv, p. 228. 
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In this connection we might think of J. Traube's statement,"" that 
the surface tension of serum is diminished by heating to 56° by the 
formation of substances which are adsorbed or dissolved in lipoids 
in the presence of red corpuscles. He suggests that in this way the 
envelopes of the corpuscles are thickened and that this thickening 
hinders hajmolysis, although it does not hinder the attachment of the 
amboceptor. This idea, however, does not explain the phenomenon 
we have been discussing. For although a corpuscle with a thickened 
envelope might be expected to be even less permeable to serum ions 
than a normal corpuscle, the normal corpuscle is such a bad conductor 
that no possible diminution in its conductivity could produce so dis- 
tinct a diminution in the conductivity of the suspension as was observed. 
It is possible that the agglutinin plays some part in this change. Even 
in the case of so energetic a laking agent as water, one has observed 
that the agglutination produced by it need not entail the entrance of 
water and consequent swelling of corpuscles. Crenated corpuscles can 
agglutinate. Laking by water, however, is always preceded by swell- 
ing of the corpuscles. 

Possibly the substances responsible for Traube's phenomonon are 
the same as cause the increase of alkalinity of serum inactivated by 
heat observed by Liebermann'" and confirmed by Seligmann.*" 

The Influence of Cane-sugar on Serum Laking. — It has been shown 
that this form of hsemolysis is inhibited by cane-sugar. What is the 
mechanism of this action? In one .experiment''' a cane-sugar solution 
slightly hypertonic was used. This would cause slight dilution of the 
serum and therefore a small diminution of its specific conductvity. 
In the case of the heated serum the conductivity of the liquid removed 
after action on the rabbit's corpuscles was 49.13. The conductivity 
of the liquid calculated on the assumption that simple mixture had 
taken place is 50.3. No haemoglobin was in solution. For the blood 
mixed with heated serum the conductivity was exactly the same as the 
calculated conductivity. This agrees well with the assumption that 
in presence of cane-sugar no change occurred in the distribution of 

"" Bio-chem. Zeit., x, p. 380, 1908. 
"' Archiv fiir Hygiene, Ixii, 1907. 
'" Bio-chem. Zeit., x, p. 430, 1908. 
'" Joum. of Med. Research, viii, p. 302. 
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serum ions. The slight diminution of conductivity of the extra-cor- 
puscular liquid would be made up in the case of the blood by a widen- 
ing of the conduction paths through the sUght shrinking of the cor- 
puscles. Either then the amboceptor is not fixed by the corpuscles in 
the presence of cane-sugar, which is negatived by the fact that with 
unheated serum some laMng occurs, or the fixing of the amboceptor 
does not produce that change in the corpuscles in the presence of sugar 
which permits water and electrolytes to enter them, as occurs in the 
case of dog's serum (unheated and heated) acting on rabbit's corpuscles 
in the absence of sugar. It is easy to see that the presence of sugar 
which could not enter the corpuclses might prevent water and salts 
from entering them. For if we suppose that the corpuscles and serum 
are in equilibrium at the outset, and that the amboceptor renders the 
envelope more permeable to salts, the salt must in entering the cor- 
puscles be accompanied by a corresponding amount of water. Other- 
wise the osmotic pressure in the corpuscles would be increased and 
that outside the corpuscles diminished. The difference of pressure 
would bring the entrance of salts into the corpuscles to an end, or 
water must accompany them. 

Spontaneous Laking. — ^The so-called spontaneous laking, i.e., the lak- 
ing which takes place when blood is preserved in sterile tubes (or in 
the cavities of sterile paraflfine) is possibly an autolytic process"* due 
to ferments developed in the erythrocytes themselves, or to ferments 
derived from the leucocj^es or the serum, or to the action of bodies 
produced by the autolysis of the serum proteins or other constituents 
of the blood. The conductivity and i of the laked blood, at first altered 
but little, are ultimately increased very greatly, although far less than 
when putrefaction is allowed to take place."' Precisely similar obser- 
vations have since been published by Oker Blom,"" by Buglia"' 
and by Polimanti."' 



'" Stewart, Amer. Joum. of Phys., xi, p. 374, 1904. 

'" Stewart, Joum. of Exp. Med., iv, p. 235, 1899. 

'"Skand: Archiv, xiv, p, 48, 1903. 

"' Archivio di Fisiologia, iv, p. 56, 1906. 

"' Bio-chem. Zeit., xi, p. 260, 1908. 
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SUMMARY 

The mechanism of haemolysis is investigated from the standpoint 
of the relation of the physico-chemical properties of the erythrocytes 
to their histological structure. 

Evidence, both histological and physico-chemical, is brought forward 
that the superficial layer (envelope) of the erythrocyte plays an impor- 
tant part in regulating the exchange between the corpuscles and the 
plasma or other suspending liquid, and that alterations in this layer 
have an influence, often decisive, in causing liberation of the blood 
pigment. The alterations of the envelope, however, do not directly 
permit escape of the pigment, but merely allow the conditions to be 
established which are necessary for the transformation of the hsemo- 
chrome (the native blood pigment). This is probably present in the 
corpuscle in combination with stroma constituents in the form of a 
gel. When water passes into the erjrthrocyle through the altered 
envelope, or when in addition the hemolytic agent acts upon the 
hsemochrome-stroma complex, the hsemochrome gel is transformed 
into an aqueous solution of haemoglobin in the interior of the cor- 
puscle. An aqueous solution of haemoglobin, present now for the 
first time in the history of the erythrocj^e, acts upon it as a foreign 
body, and indeed as a foreign body having itself haemoljdiic powers. 
Once formed, the hsemoglobin solution passes out through the envelope, 
which has no affinity for the blood pigment, and is itself, in the intact 
corpuscle, free from pigment. In the more gentle methods of laking 
the transformation of haemochrome into haemoglobin solution is due 
partly to the action of the water which enters the corpuscle when its 
permeability is altered hy the haemolytic agent. When laking is 
accomplished by more violent methods the direct action of the hemo- 
lytic substance on the hsemochrome-stroma complex is also an 
influential factor, in addition to the water action. This direct action 
is, of course, not excluded even in the gentlest methods of laking. 
Haemochromolysis, the change of the haemochrome into haemo- 
globin in aqueous solution, may be distinguished from stromatolysis, 
the more profound alteration of the stroma. The former is accom- 
panied by a relatively small and the latter by a relatively large escape 
of electrolytes from the corpuscles. These electrolytes are in part 
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set free from combinations or adsorpates with colloids, but in part 
escape simply because of the altered permeability of the corpuscle. 

Some evidence is offered that the electrolytes of the erythrocytes 
may be divided into three fractions : a portion which escapes with 
even the gentlest methods of laking, a portion liberated only by 
energetic laking agents, and a portion only set free by such destructive 
processes as incineration. The hypothesis that the first fraction is in 
solution, the second in loose combination (or adsorbed), the third 
more firmly combined, has a certain plausibility. But it has not 
been proved that the liberation of the second fraction, or a part 
of it, may not be due merely to a change in the permeability of 
the corpuscle. 

Note. — ^The interpretation placed upon Gamgee's results in the footnote on p. 60 
seems to be the proper one. His statement (referring to my paper in Journal of 
Physiology, xxiv, p. 356, 1899) that "although solution of oxy-hsemoglobin possess 
a low conductivity, this is very much higher than has been found in the previous 
observations of Stewart," shows that either his oxy-hsemoglobin or his distilled water 
was less thoroughly freed from electrolytes than mine. In observations of this kind 
the error must appear as too high and not as too low a conductivity. 



[From The Johns Hopkins Hospital Bulletin, Vol. XX, No. 218, 
May, J.909.] 



COLLOID GLANDS (GOITEBS) : THBIE ETIOLOGY 
AND PHYSIOLOGICAL SIGNIFICANCE.' 

By David Maeine, M. D., and C. H. Lbnhabt, M. D., 
Cleveland, Ohio. 

{From the Departments of Experimental Medicine and Pharma- 
cology, Western Reserve University.) 

Our object in this paper is to present certain data con- [I3i] 
eerning the production, the anatomical and the physiological 
status of uncomplicatid colloid glands (goitres). These 
observations have been made upon slieep's and dogs' thyroids, 
and though still incomplete, they tend to modify to some 
extent the generally held opinions as to the exact place in 
pathology which colloid glands should occupy. 

Before taking up these data it may he well to mention 
briefly the great anatomical groupings that one has to deal 
with in establishing a point of departure for the study of the 
processes involved. These are four, viz: (1) Normal glands; 
(2) Colloid glands (goitres, all degrees) ; (3) Hyperplastic 
thyroids (all degrees) ; (4) Complications (engrafted on any 
of the three preceding groups). Barring atrophies, neo- 
plasms and infections, all thyroids naturally fall into one or 
another of these four groups. Leaving out of consideration 
the last group (complications), for we are not concerned 
with them here, the anatomical characteristics of the remain- 
ing groups are well defined and generally known. (Johns 
Hopkins Hospital Bulletin, 1907, XVIII, 359.) 

The literature dealing with colloid glands (goitres) it, 
highly complicated, and for very sufficient reasons : First, it 



^ Presented In abstract at the meeting of the American Asso- 
ciation of Pathologists and Bacteriologists, Ann Arbor, Mich., 
April 17, 1908. 
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[131] hag dealt almost entirely with human material, and, as is well 
known, most operative specimens show one or more secondary 
changes (complications). It is due to this fact in particular 
that existing classifications of goitres include such terms as 
cystic, calcareous, fibrous, vascular, gelatinous, etc. These 
terms, it seems, should not be raised to primary importance 
since, as Virchow (Die krankhaften Geschwiilste, III, 4) has 
pointed out, they are only examples of complications engrafted 
on a more fundamental type of change. Probably the essential 
reason why we do not find any very definite description of 
colloid glands (goitres) in the literature is because their 
comparative and experimental pathology has been but lit- 
tle developed and it is only in the lower animals that we are 
able to study uncomplicated forms in series. 

In this discussion of colloid glands (goitres) we are using 

[132] the term " goitre " parenthetically for the following reasons : 
(1) In the older literature of human pathology other cervical 
enlargements than those of the thyroid have been described 
as goitre; (2) The term has been applied to a great variety 
of thyroid enlargements, viz: cysts, foetal adenomata, malig- 
nant tumors and inflammatory swellings, etc.; (3) Goitre is 
primarily a clinical term; (4) There is a growing tendency, 
and rightly we think, to include under the term goitre the 
entire group of anatomical changes of which the major ones 
are those of the thyroid (hyperplasia) and lymphoid tissues 
(spleen, thymus and lymph glands). (Marie: Gaz. d. Hop., 
1893, 203; Hektoen: Internat. Med. Mag., 1895-6, IV, 584; 
Kocher: Arch. f. klin. Chir., 1908, LXXXVII, 131; Caro: 
Berl. klin. Wchnschr., 1907, XLIV, 519; Boit: Frankfurt. 
Ztschr. f . Path., Bd. I, 187 ; Hirschlaff : Deutsche Ztschr. f . 
klin. Med., 1899, XXXVI, 200; Hart: Miinchen. med. 
Wchnschr., 1908, LV, Nos. 13 and 14.) 

Since thyroids frequently show quite marked degrees of 
hyperplasia without being noticeable clinically (the preclinical 
stage of goitre), and also since there may be distinct ana- 
tomical evidences of a previous active hyperplasia in a gland 
now rich in colloid, although the gland clinically or macro- 
scopically is not enlarged, it might be confusing to use the 
word " goitre " unguardedly. Thus we include under the term 
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colloid glands (goitres) all glands which show histological evi- [132] 
dence of reversion from any degree of previous active hyper- 
plasia irrespective of the size of the glands. 

Brief mention has already been made in previous papers 
(Johns Hopkins Hospital Bulletin, 1907, XVIII, 359 ; Arch, 
of Int. Med., 1908, I, 349) of the incidence and nature of the 
anatomical changes that occur in thyroids undergoing active 
hyperplasia, one sequence of which is the production of colloid 
glands (goitres) . We have called this change " reversion " 
because it seemed to us from the observed phenomena in ani- 
mals that the changes were best interpreted as the return of 
the hyperplasia to a more normal type of gland. 

The data which follow are presented somewhat in the order 
of their observation and will be discussed under the following 
headings: (1) Anatomical changes; (2) Age of the animals; 
(3) Inconstant changes following the removal of one lobe of 
the thyroid and the possibility of other factors than quantity . 
of thyroid influencing thyroid changes; (4) More direct 
evidence of some additional factors determining thyroid 
hyperplasia, and reversion; (5) Effect of administration of 
iodin, the relation of iodin to gland structure, etc.; (6) 
Comparison of the general biological reactions of colloid and 
of normal glands; (7) The preventive effect of iodin on 
secondary hyperplasia; (8) Summary. 

1. Anatomical Changes. 

In the routine histological examination of seven hundred 
(700) dogs' thyroids several examples of colloid glands 
(goitres) were met with — some complicated, others in pure 
form. We also observed what appeared to us to be tran- 
sitional forms, i. e., forms partaking both of the characteristics 
of colloid glands (goitres) and of active hyperplasias. By 
arranging these in series with the pure colloids at one end, 
and the active hyperplasias at the other, the gradations could 
easily be traced step by step by means of certain common 
features. First, in all specimens there were infoldings and 
plications of the lining epithelium of the alveoli which in the 
pure colloid glands appeared as twigs covered with the flat 
cubical epithelium characteristic of that lining the alveolar 
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[1321 walls proper. In the transitional forms these same infoldings 
and plications were covered with higher forms of epithelium 
ranging np to colnmnar, which also conformed to that of the 
ruling type of epithelial cells lining the alveolar walls proper. 
In the pure active hyperplasias the infoldings as well as the 
alveolar walls proper were always covered with columnar 
epithelium. 

8eco7idly, the stainable colloid approaches nearest the nor- 
mal type in the true colloid glands and gradually becomes 
paler, more vacuolated and granular as we pass through the 
transitional forms to the true active marked hyperplasias, 
where it is generally absent or nearly so. 

Thirdly, the vascularity and condition of the vessels show 
distinct and graded changes from the comparatively very 
slightly vascular pure colloid glands up to the markedly vas- 
■ cular active hyperplasias, while the vessel walls in pure colloid 
glands show distinct obliterating endarteritis similar, his- 
tologically, to that occurring in the involuting uterus or 
thymus. 

These gradations of anatomical changes in the epithelium, 
the colloid and the vessels are very striking in the dog where 
such a series of colloid glands is easily obtained (in goitrous 
districts) . 



2. Age of the Animals. 

The factor of age is important. Our only series of thyroids 
in which suflBciently large numbers of naturally occurring col- 
loid glands were found (dog and maJi) illustrate very strik- 
ingly that colloid glands occur in older animals while the 
active hyperplasias occur in younger animals. This has long 
been recognized however, and is implied in the commonly 
used term " colloid degeneration of " which also implies the 
existence of an earlier and different anatomical condition of 
the gland. This factor of age differences between colloid 
and hyperplastic glands is in itself evidence that, normally, 
colloid glands are derived from hyperplasias; but above all 
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else it raises the question of whether this colloid change might [132] 
not be interpreted as physiological as well as pathological. 

In this connection some of our earlier experiments, under- 
taken to repeat Halsted's ^ work on compensatory hypertrophy 
of the thyroid, might be of value. 

3. Changes Following the Removal of One Lobe. 

As most of our dogs when admitted to the laboratory show 
some degree of active hyperplasia of the thyroid it occurred to 
us to remove but one lobe from each of a few animals and note 
what occurred. * All the lobes removed showed some degree [133] 
of hyperplasia. The dogs were kept from 24 days to one year, 
and on examining the remaining lobe we found, instead of 
further hyperplasia in all, as expected, that in some cases the 
remaining lobe had reverted to the colloid state while in 
others the remaining lobe had undergone further hyperplasia. 

These observations are presented in the following tables : 

TABLE la. 



No. of dog; sex; 
age; weight. 



Date of 

first 

operation. 



Date of 

second 

operation. 



Lobe 

removed 

weight 

of (gm.) 



Histological 

classification 

of lobe. 



lodin 

per 

gram 

dried. 



lodin 

per 

gram 

fresh. 



D-99a. male, 
middle, 8.4 kg. 

D-99b. 

D-86a, male, 
middle, 16.9 kg. 

D-86b. 

D-130a, female, 
middle, 9.6 kg. 

D-130b. 



D-131a, male, 
middle, 9.7 kg. 



D-131b. 



D-20Ta, m > 
middle, 5.1 kg. 

D-307b. 



29-1-08 



17-1-06 



14-11-06 



14-11-06 



6-XOII- 



16-1-07 



11-1-07 



30-X-06 



27-V-06 



27-1-07 



Et.; 7.2 



Lt.; 
Et.; 

Lt.; 
Et.; 

Lt.; 

Et.; 

Lt.; 

Et.; 

Lt.; 



4.5 
6 

3.86 
1.9 

1.5 

6.9 

6 

2.1 

1.6 



Early gland, 
hyperplasia. 

Colloid. 

Early gland, 
hyperplasia. 

Colloid. 

Mod. gland, 
hyperplasia. 

Early gland, 
hyperplasia. 

Mod. gland, 
hyperplasia. 

Mod. gland, 
hyperplasia. 

Mark'dgland 
hyperplasia. 

Colloid-early 

gland.hyper- 

plasia. 



Notde 

1.638 
Notde 

2.784 
Notde 



term'd. 

0.468 
term'd. 

0.812 
term'd. 



^ Johns Hopkins Hosp. Rep., Balto., 1896, I, 373. 
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TABLE lb. 



[133] 



No. of dog; sex: 
age; weight. 



D-lOOa, male, 
middle, 11.81 kg. 

D-lOOb. 



D-176a, male, 
puppy, 8.4 kg. 

T)-176b, 13.2. 



D-208a, male, 
middle. 



D-208b. 



Date of 

first 

operation. 



29-1-06 



26-IV-06 



ll-XTI-06 



Date of 

second 

operation. 



9-i-or 



26-1-07 



4-1-07 



Lobe 

removed 

weight 

of (gm.) 



Rt.; 2.4 
Lt.; 1.9 
Rt.; 1 
Lt.; 1.06 
Bt.; 8 
Lt.; 3.6 



Histological 

olassiflcation 

of lobe. 



Mod. gland, 
hyperplasia. 

Mark'd gland, 
hyperplasia. 

Mod. gland, 
hyperplasia. 

Mark'd gland, 
hyperplasia. 

Mod. gland, 
hyperplflsia. 

Mark'd gland, 
hyperplasia. 



lodin 
per 

fram 
ried. 



lodin 

per 

gram 

fresh. 



Notdeterm'd. 



0.171 

Notde 

0.135 

Notde 



0.046 
term'd. 

0.029 
term'd. 



Table la includes those cases in which reversion occurred 
in the remaining lobe, and Table lb those cases in which fur- 
ther hyperplasia occurred. All these animals were kept in 
the same kennel, subjected to the same conditions, and clini- 
cally were in excellent health at the time of killing. 

At first glance these observations seemed to us only a con- 
firmation of the well known fact brought out by Halsted, viz : 
That if sufficient gland is not removed there is no compen- 
satory hyperplasia of the remaining portion. However, on 
closer study there seemed to be more than this. In one group 
there was a reversion to a more normal type of gland while 
in the other there was further hyperplasia. All showed slight 
active hyperplasia of the first lobe removed, but the indi- 
vidual differences were slight. All were kept under similar 
conditions as far as possible. There were not sufficient differ- 
ences in the size of the glands of the two groups or of the age 
of the animals to be of noteworthy importance, and we were 
forced to conclude that other factors than the amount of 
thyroid were concerned, not only in those cases where reversion 
occurred but also in those in which further hyperplasia re- 
sulted. Here are seen opposite histologic changes under ap- 
parently constant conditions. Is one pathological and the 
other physiological? We are inclined to look upon both as 
physiological in the sense that they represent the result of 
nature's attempts at establishing a normal condition. On this 
basis those cases which showed further hyperplasia easily 
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become physiological (compensatory hyperplasia), but those [i33] 
cases which showed a colloid change (reversion) cannot be 
interpreted as physiological unless we suppose the existence 
of another factor than quantity of thyroid — some substance 
normally needed by the animal and whose presence or absence 
also has an influence on the cellular activities of the gland. 

4. Thyroid Hyperplasia and Eeversion. 

In the light of this possibility that other factors than quan- 
tity of gland determine whether a gland already actively hyper- 
plastic is to revert to the colloid state or undergo further hyper- 
plasia the following observation is important : In the past two 
years we have from time to time removed small pieces of 
thyroid for histologic examination and then kept the animals 
for further experiments as needed. Looking over our records 
we find eight such cases. All were goitrous dogs and kept 
under the same conditions. Histologically the pieces of thy- 
roids removed showed degrees of hyperplasia ranging from 
"marked" to "early-moderate." At the second operation, 
ranging from twenty days to tluee months later, it was 
found that the thyroids in all eight had undergone his- 
tologic changes toward colloid glands, i. e., reversion — some 
only slightly, while others showed the completed changes to 
colloid. The dogs were all kept under the same laboratory 
conditions and liberally fed on cooked meat and bread. The 
problem is why these dogs, during their street life, maintained 
progressive hyperplasias while during their laboratory careers 
their thyroids, without exception, tended to revert to colloid 
glands. Certainly one thing seemed established, that some 
factor still unknown was influencing these gland changes, 
and from the clinical standpoint favorably, since the animals 
all gained weight. 

5. Effect of Administration of Iodin, etc. 

It was at this stage that we began to study experimentally 
the effects of iodin on the thyroid, thinking that further 
insight might be had by very careful comparisons of the his- 
tological structure with the iodin content. At any rate the 
question of iodin as a factor in these changes must either be 
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[333] more definitely establii?hed or eliminated^ since clinically it 
has long been recognized as a specific remedy in the disease, 
and the work of Baumann, Oswald, Eoos, Weiss, Hnnt and 
others has established not only its normal presence in the 

[134] thyroid but that it is of the greatest significance in the physi- 
ological activity of the thyroid substance. Our earlier ex- 
periments with feeding iodin have shown that coincident with 
the administration of iodin to dogs with active thyroid 
hyperplasias there occurs a return to the colloid state which 
histologically is identical with the spontaneously occurring 
colloid gland. This change in the dog is complete in from 20 
to 30 days if small doses of some iodin-containing compound 
(0.5 cc. syr. ferrous iodid) are administered daily during 
the period. Since then we have undertaken experiments for 
tracing this process step by step during the administration 
of iodin. Thus we have removed every 5-7 days a piece of the 
gland sufficient for histological control and iodin determina- 
tion with invariably the following result: That as the gland 
histologically changed to the colloid state there was a cor- 
responding rise in the iodin content. A typical case may be 
reported in full. 

Case A-119. — Male, blacli; mongrel, aged 8 months, admitted 
April 6, 1908. General nutrition good, weight 8 kg. Thyroid 
lobes are symmetrically enlarged and appear about the size of 
hen's eggs. They are soft, compressible, with a definite expansile 
pulsation and a palpable thrill. There is a palpable isthmus. 

April 10, 1908. Under ether anaesthesia a portion of the left 
lobe was removed, weighing 9.825 gm. 

There was slight hemorrhage. Moderate distension of the 
lymphatic trunks coursing over the gland. Operation lasted one 
hour. Dog made excellent recovery. 

Gross Description of Portion of Gland Removed. — The capsule 
Is slightly thickened, gland tissue soft, grey-red, very vascular, 
and no visible colloid. 

Histological Diagnosis. — Marked glandular hyperplasia. 

Iodin per gm. dry = 0.200 mgm. 
' fresh = 0.040 

April 10, '08, gave 10 gtt. syr. fer. iodid by mouth 

" 11, " " 30 

" 12, " " 40 " " 

" 14, " " 40 ' 
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April 15, under ether anaesthesia, the remaining portion of [134] 
the left lobe was removed, weight 20.5 gm. The dog withstood 
operation well. 

Oross Description of the Portion Removed. — Similar to first 
portion as described above except that there is some visible col- 
loid and the consistency is somewhat firmer. 

Histological Diagnosis. — Colloid — moderate glandular hyper- 
plasia. 

lodin per gm. dry = 2.861 mgm. 
" " fresh = 0.553 " 

April 16. Dog in excellent condition, 40 gtt. syr. fer. iodld per 
mouth. 

April 18. 100 gtt. syr. fer. iodid. 

April 19. 100 gtt. syr. fer. iodid. 

April 21. Bandages removed together with stitches. Healing 
per primam, 60 gtt. syr. fer. iodid. 

April 22. Under ether ansesthesia a portion of the right lobe, 
weighing 1.5 gm., was removed. Immediately upon exposure of 
the gland it was noticeably different from the gland of previous 
operations in that it was much less vascular, firmer and trans- 
lucent. 

Cfross Description of Portion Kemoved.- — Capsule slightly thick- 
ened. Colloid is visible. Consistency moderately firm. Color is 
reddish-translucent. 

Histological Diagnosis. — Colloid — moderate glandular hyper- 
plasia. 

lodin per gm. dry = 4.078 mgm. 
' fresh = 0.860 

April 23. Dog in good condition. (From this time on no iodin 
was administered.) 

April 24. No sign of infection, eats heartily. 

April 26. Wound clean, healed. 

April 28. Under ether anaesthesia a portion of the right lobe 
weighing 7.2 gm. was removed. Dog withstood operation well, 
no haemorrhage. The remaining portion of the gland has notably 
decreased In size. 

Oross Description of the Portion Removed. — Gland is firm, col- 
loid abundant, capsule moderately thickened, vascularity notice- 
ably lessened. 

Histological Diagnosis. — Colloid — early glandular hyperplasia. 



Iodin per gm. dry = 3.353 mgm. 
" " fresh = 0.749 " 



April 30. Slight oedema of jaw; otherwise in good condition. 
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[134] May 3. Slight diarrhoea, wound healed and bandage removed. 

May 6. Under ether anesthesia a portion of the remaining 
part of the right lobe, weighing 6.5 gm., was removed. Rapid re- 
covery from operation. , 

Gross Description of Portion Removed. — The gland tissue is 
hard, clear, yellow in color, colloid abundant, very viscid, vas- 
cularity normal. 

Histological Diagnosis. — Pure colloid gland (goitre). 



lodin per gm. dry := 3.522 mgm. 
" " fresh =0.894 



May 8. No swelling of jaw, no evidence of tetany; apparently 
both vocal cords paralyzed. 

May 11. Wound healed per primam. Dog active, appetite 
excellent. 

May 27. Condition excellent, fat, hair glossy. 

June 1. Under ether anaesthesia a hurried examination failed 
to find the remaining part of right lobe, wound closed. 

June 4. Stitches removed, wound healed. 

June 15. Under ether anaesthesia the remaining portion of 
right lobe was found and part removed. After the operation had 
been completed the dog was killed by the careless administration 
of ether. An autopsy was immediately performed and the re- 
mainder of the right lobe, weighing 0.550 gm., was removed. 
There were two large accessory aortic thyroids, together weighing 
0.750 gm. Their gross characteristics are the same as the portion 
of the thyroid lobe proper. Spleen and thymus slightly enlarged. 
Otherwise all the other organs were perfectly normal, both gross 
and microscopically. Weight of dog, 11.9 kg. 

Gross Description of Thyroid Removed at Autopsy. — Colloid 
abundant, color clear yellow, firm to the touch, and of normal 
vascularity. 

Histological Diagnosis. — Pure colloid gland (goitre). 

lodin per gm. dry = 2.770 mgm, 
" fresh = 0.554 

Summary. — The dog was under observation from April 6, 
1908, to June 15, 1908—70 days, during which time six opera- 
tions were performed consisting of the successive removals of 
portions of the thyroid and accompanied by the administra- 
tion of moderate doses of syr. fer. iod. for a period of 13 
days following the first operation. After this the dog got no 
iodin except what might have been obtained from a liberal 
diet consisting of cooked meat, bread, water and milk. Ar- 
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ranging the iodin contents and histological diagnoses of the [issj 
portions of thyroid in the order of their removal, we have : 

Iodin per gux. 
Histological Diagnosis. fresh, dried. 

mgm. mgra. 

1st operation. Marked glandular hyperplasia 0.040 0.200 

2d " Colloid — moderate-marked . . 0.553 2.861 

3d " Colloid— moderate 0.860 4.078 

4th " Colloid— early 0.749 3.353 

5th " Pure colloid 0.894 3.522 

6th " Pure colloid 0.554 2.770 

This case illustrates the rapidity with which iodin is taken 
up hy the hyperplastic thyroid and the rapidity of the process 
of reversion as well. The dog grew rapidly, gaining in the 
70 days 4.9 kg. 

As the histologic appearances of the spontaneously occur- 
ring colloid glands are identical with those artificially pro- 
duced by administration of iodin, and since the histologic 
characteristics of colloid glands so closely resemble those of 
the normal glands, it becomes of interest to compare the iodin 
contents of normal and of spontaneously produced colloid 
glands. It suffices here to state that such comparisons have 
been made, and they show that the iodin contents of these two 
groups are practically parallel, and that the iodin contents of 
colloids are also the nearest approach to those of normal glands 
with which one meets. Indeed they may equal those of normal 
glands. 

Thus far we have considered anatomical and chemical 
characteristics of colloid glands, both those artificially pro- 
duced and the spontaneously occurring ones, and have 
compared the findings with those of normal glands. In a 
sentence, it was found that colloid glands, both as regards 
their histological characteristics and iodin contents, were the 
nearest approach to the normal gland that is possible for 
actively hyperplastic thyroids. 

6. Comparison of Biological Ebaotions of Colloid and 
Normal Glands. 

Next in order, we undertook studies of the Mological 
characteristics of colloid glands as compared with those known 

(11) 



[135] to be true of normal glands. First, we took colloid glands, 
and from time to time removed parts in the attempt to pro- 
duce compensatory hyperplasia of the remaining part, just as 
occurs in the similar treatment of normal glands. The fol- 
lowing case is illustrative: 

Case A-106.— Middle-aged female, white, bull-terrier. Admitted 
June 1, 1907, in excellent condition, weight 11.8 kg. Physical ex- 
amination revealed symmetrical enlargement of both thyroid 
lobes, each lobe roughly measuring 5x3.5 cm. Definite isthmus 
palpable. Lobes firm, hard and quite freely movable. Clinical 
diagnosis of pure colloid goitre was made on basis of excellent 
general condition and the firm, hard, non-pulsating lobes of 
thyroid. 

June 5, 1907. Under ether anssthesia right lobe was removed, 
weight 29.5 gm. 

Oross Description. — Capsule 1 mm. thick, of dense white fibrous 
tissue. Gland tissue on section is clear brownish-yellow (old 
haemorrhages) , with abundant colloid, white fibrous trabeculaa are 
prominent throughout. Specimen saved for iodin determination 
and histological examination. 

Histological Diagnosis. — Pure colloid gland (goitre). 

Iodin per gm. dry = 0.308 mgm. 
" " fresh =0.033 " 

June 18, 1907. Wound healed per primam, bandage removed, 
dog in excellent condition, appetite good. 

July 15, 1907. Under ether anaesthesia about one-half of the 
remaining left lobe was removed, weight 15 gm. 

Gross Description of Part Removed. — Capsule thick, color and 
colloid much the same as the previous portion of the gland. 

Histological Diagnosis. — Pure colloid gland (goitre). 

Iodin per gm. dry ^0.554 mgm. 
" " fresh = 0.066 " 

August 15, 1907. Dog in fair condition, wound healed, weight 
9.52 kg. 

September 10, 1907. Under ether anaesthesia about one-half of 
remaining half of left lobe removed, weight 3 gm. Specimen 
saved for iodin and histological examination. 

Gross Description. — Quite vascular, bright red, moderately firm, 
some visibly dilated lymphatic trunks, some visible colloid. 

Histological Diagnosis. — Colloid — moderate glandular hyper- 
plasia. 

Iodin per gm. dry = 0.554 mgm. 
" fresh = 0.099 
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September 20, 1907. Dog in fair condition, wound healed. 1135] 

December 7, 1907. Under ether anaesthesia remaining portion 
of left lobe was removed (as nearly as possible, since fibrous ad- 
hesions made it practically impossible to remove all traces of 
lobe). 

Gross Description of Portion Removed. — Weight 4.5 gm., color 
bright red, soft, visible fibrous trabeculse, capsule much thick- 
ened, quite vascular, some visible colloid. 

Histological Diagnosis.— Ma.r'ked glandular hyperplasia. 



lodin per gm. dry = 0.115 mgm. 
" " fresh = 0.022 " 



December 11, 1907. Dog has ravenous appetite. On removing 
bandage slight skin infection noted, washed with HgCU and 
dressed. 

December 22, 1907. Wound healed. Dog still has ravenous ap- 
petite; given sulphur bath on account of beginning mange. 

January 4, 1908. Dog very weak, emaciated, weight 9.1 kg., 
slight diarrhoea, with visible cardiac impulse that shook the dog. 
Dog has showed no signs of tetany. As the dog was rapidly be- 
coming weaker, in spite of its good appetite, it was decided to 
administer small doses of iodin in the form of syr. fer. iod.; 
beginning January 4, 10 gtt. daily was given. At first the dog 
seemed to improve, and between January 4 and 18 gained 2.3 kg. 

January 21, 1908. Dog died suddenly this afternoon; was not 
seen at time of death. Autopsy (probably one hour after death) 
showed that the increased weight was due to oedema of the fatty 
tissues. Both thyroid lobes were absent. The heart was enlarged 
and dilated, especially the right side. Pulmonary congestion and 
oedema. Stomach, liver, kidneys, brain and pituitary body normal 
in their gross appearances. There was quite a large mass of 
thymus tissue in the sub-sternal fat, and also two accessory 
thyroids. These two accessory thyroids weighed 0.95 gm. In their 
gross appearance they were soft, greyish-red and vascular. 

Histological examination of the accessory thyroids showed a 
moderate glandular hyperplasia. 



Iodin per gm. dry = 0.410 mgm. 
" fresh = 0.095 



A histological examination and iodin determination were made [i36] 
on the thymus gland with the following result: 

Histological examination revealed the presence of numerous 
duct-like spaces lined by columnar epithelium, and containing 
desquamated epithelial cells and a pink staining albuminous ma- 
terial (a condition common to about 20 per cent of the dogs 
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[136] in this locality). One accessory parathyroid was found in the 
thymus upon histological examination. 

lodln per gm. dry = 0.018 mgnu 
" " fresh = 0.006 " 

Summary. — Dog was imder observation from June 1, 1906, 
to January 21, 1907, practically seven months. During this 
time parts of thei thyroid were removed on four different oc- 
casions. The first and second specimens were histologically 
pure colloid, while the third and fourth specimens removed 
showed, respectively, colloid with moderate, and colloid with 
marked glandular hyperplasia. 

The iodin determinations of these four specimens showed, 
roughly, a decrease in the iodin content, proportional to the 
degree of hyperplasia. The accessory thyroids, removed post- 
mortem, while showing histologically a moderate glandular 
hyperplasia, showed a noticeable increase in their iodin con- 
tents over the last operative specimen. This was probably 
due, as was also the presence of iodin in the thymus, to the 
feeding of iodin during the last two weeks of life. The pres- 
ence of iodin in the thynaus was not due to the presence of 
accessory thyroids, a possibility suggested by Cunningham 
and Mendel (Am. J. Physiol., 1900, III, 285). The note- 
worthy increase in body-weight during the last three weeks 
might be interpreted as of myxoedematous origin, although 
there is no positive anatomical basis for such an opinion, 
even though both thyroid lobes had been removed. 

In this case it is clearly seen that a compensatory change 
occurred following partial escision. The change is identical 
with that which occurs in the normal gland, and has been 
admirably described by Halsted, i. e., the flattened cubical 
cells lining the enlarged alveoli increase in size, first cubical, 
then low columnar, then high columnar, together with a les- 
sening and finally a disappearance of the stainable colloid, 
and at the same time a marked increase in vascularity. The 
change is as a rule not quite uniform as some alveoli contain 
densely staining colloid and flattened epithelium, while all 
the surrounding alveoli have undergone true hypertrophy. 

Thus it seems highly probable that colloid glands react like 
normal glands in the experiments of their partial removal. 
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7. Preventive Effect of Iodin in Secondakt 
Hyperplasia. 

Continuing along this line of biological experiments, it isLi^^i 
known that the administration of iodin will prevent the oc- 
currence of compensatory hyperplasia following partial excision 
in normal glands which otherwise would hypertrophy. The 
following cases are illustrative of what occurs in the normal 
glands. 

Case A-26. — Female puppy, age three months, admitted Feb- 
ruary 10, 1907, weight 2.4 kg., in fair condition, no palpable 
thyroids. 

February 15, 1907. Under ether anaesthesia, right lobe re- 
moved, welgTit 0.24 gm. 

Gross Description. — Capsule thin, delicate, color reddish-trans- 
lucent, visible colloid normal, firm consistency. 

Histological Diagnosis. — Normal thyroid. 

Iodin per gm. dry := 2.300 mgm. 
" " fresh = 0.380 " 

February 19, 1907. Dog in excellent condition, wound healed, 
bandage removed, weight 2.4 kg. 

February 21, 1907. Beginning to-day 1 gtt. saturated alcoholic 
solution of iodin was daily administered with its ration, for 
15 days, ending March 8, 1907. From this date on no iodin 
was given. 

March 20, 1907. Dog growing rapidly, clinically in excellent 
condition. 

April 2, 1907. Killed with chloroform this morning, weight 
4 kg. 

At autopsy remaining lobe (right) weighed 0.305 gm., color 
clear, reddish-yellow, colloid abundant, gland tissue firm, capsule 
thin and delicate. 

Histological Diagnosis. — Normal thyroid. 

Iodin per gm. dry ^3.467 mgm. 
" " fresh = 0.705 " 

The fat deposits were normal. Spleen, kidneys, liver, lungs, 
heart and brain were normal in gross appearance. 

Case T-25. — Female pup, aged 112 days, weight 1.8 kg., excel- 
lent condition (reared in laboratory). 

September 6, 1907. Operated upon and the left lobe removed. 
Weight 0.350 gm. Normal in gross appearance, and also upon 
microscopic examination. No iodin determination. 

September 11. Wound healed, bandage removed. 
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[136] October 30. Weight 2.6 kg., excellent condition, killed by 
another dog. Right lobe removed and at autopsy weighed 0.355 gm. 

Oross Appearance. — Soft, vascular. 

Microscopic Diagnosis. — Moderate glandular hyperplasia. No 
iodin determination. 

This ease (T-3.5) illustrates what usually occurs in young 
dogs with normal glands following the removal of one lobe, 
viz : compensatory hyperplasia of the remaining lobe ; and Case 
A-26 shows that this compensatory hyperplasia may be pre- 
vented by the administration of iodin although the thyroid 
increases in size in proportion to body weight. These cases, 
with many other similar experiments, also suggest that hyper- 
plasia accompanied by a disappearance of the ecrlloid and a 
change to columnar epithelium is not a part of the normal 
growth of a normal gland. 

While we have no separate experiments on colloid glands 
to parallel the above cases, there have occurred several cases 
which indicate the same to' be true for colloids, viz : That in 
the presence of full am.ounts of iodin smaller amounts of col- 
loid gland suffice to supply the animal's needs. This being 
true it is obvious that by withholding iodin the hypertrophic 
changes may be hastened. At first a diet as free from iodin 
as possible was considered, and indeed attempted, but it is 
fraught with so many difficulties (well stated by Dochez, 
Johns Hopkins Hospital Bulletin, 1908, XIX, 235), chief 
among which is that we may be depriving the animal of other 
substances necessary to its normal economy in the attempt to 
eliminate iodin, that we chose merely to use a raw meat diet 
(beef). As will be brought out more fully in a later publica- 
[137] tion the restricting of iodin does hasten the occurrence of 
hypertrophy both in normal and in colloid glands. 

The following case, since it combines several of the points 
just mentioned, may be reported in full : 

Case A-121. — IVIale, middle-aged fox-terrier, good condition, 
weight 7.3 kg. Admitted April 20, 1908. Thyroid lobes are sym- 
metrically enlarged, joined by a palpable isthmus and roughly 
measuring 5x2.5 cm. The consistency is moderately firm; there 
is a definite, though slight, expansile pulsation; no thrill. 

April 22, 1908. Under ether anKSthesia a part of the right lobe, 
weighing 4.6 gm., was removed. Dog withstood operation well. 

(16) 



Gross Description of Specimen Bemoved. — The capsule is some- [137] 
what thickened; vessels distinctly enlarged, color yellowish- 
opaque, consistency moderately firm and colloid is barely visible, 
as are the whitish ring-like outlines of the enlarged alveoli. 

Histological Diagnosis. — Colloid — moderate glandular hyper- 
plasia. 

lodin per gm. dry = 0.269 mgm. 
" " fresh = 0.059 " 

April 24, 1908. Dog is in excellent condition. 

April 26, 1908. Bandage removed, no evidence of infection. Dog 
does not seem quite normal, appetite poor. 

April 28. Under ether anaesthesia another portion of the right 
lobe, weighing 7.6 gm., was removed. Excellent recovery. 

Oross Description. — Same as first specimen. 

Histological Diagnosis. — Colloid — moderate glandular hyper- 
plasia. 

lodin per gm. dry := 0.455 mgm. 
" " fresh = 0.099 " 

April 30, 1908. Slight oedema of jaw, appetite good. 

May 8, 1908. Wound healed, dog in perfect health. 

May 9, 1908. Under ether anaesthesia the remaining portion 
of the right lobe was removed, weighing 6.4 gm. Excellent 
recovery. 

Gross Description. — Gland much firmer than previous speci- 
mens, has a distinct yellowish translucent appearance and more 
visible colloid, vascularity still above normal. The enlarged al- 
veoli are more distinct. 

Histological Diagnosis. — Colloid — early moderate glandular 
hyperplasia. 



lodin per gm. dry = 0.692 mgm. 
" " fresh = 0.167 " 



May 11, 1908. Wound in good condition, dog has good ap- 
petite. 

May 20, 1908. Wound perfectly healed. 

May 21, 1908. Under ether anaesthesia a portion of the left 
lobe, weighing 3.6 gm., was removed. Dog made excellent re- 
covery. 

Gross Description. — There are scattered areas of brown pig- 
mentation (old haemorrhage), colloid normal, vascularity still 
slightly above normal. The enlarged alveoli are more distinct. 

Histological Diagnosis. — Colloid — early glandular hyperplasia. 



lodin per gm. dry = 1.838 mgm. 
" fresh = 0.520 
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1137] May 27, 1908. Dog in excellent condition, wound healed. 

June 2, 1908. Under ether anaesthesia another portion of the 
left lobe, weighing 1.2 gm., was removed. Large quantities of 
ether had to he used, and there was excessive bronchial secretion, 
otherwise the dog withstood the operation well. 

Gross Description. — Colloid abundant, color clear, yellow, trans- 
lucent, tissue firin, vascularity normal. 

Histological Diagnosis. — Colloid— early glandular hyperplasia. 

lodin per gm. dry = 1.774 mgm. 
" " fresh = 0.446 " 

June 3. Dog in good condition. 

June 8. Bandage had slipped and dog had scratched skin 
wound open, wound granulating, no pus. 

June 12. Wound healed. Under ether anaesthesia another por- 
tion, weighing 4.85 gm., was removed. Dog made excellent re- 
covery. Large quantities of ether necessary. 

Gross Description. — Colloid abundant, yellow, translucent in 
color, tissue firm, normal vascularity. 

Histological Diagnosis. — Colloid — early glandular hyperplasia. 

lodin per gm. dry = 1.427 mgm. 
" fresh =0.369 

June 16. Wound healed, stitches removed, dog in excellent 
condition. 

June 27. Under ether ansesthesia removed another portion of 
the left lobe, weighing 4.2 gm. Dog made good recovery, some 
difficulty was encountered with mucus. 

Gross Description. — Colloid abundant, color translucent yellow, 
tissue firm, vascularity normal. Outline of enlarged alveoli 
distinct. 

Histological Diagnosis.- — Pure colloid gland (goitre). 



lodin per gm. dry =: 2.170 mgm. 
" " fresh = 0.550 " 



July 2. Stitches removed, wound healed. 

July 3. Mange suspected on account of some cutaneous irrita- 
tion. An ointment of sulphur and lard was applied. 

July 10. Dog in excellent condition. Under ether anaesthesia 
another portion of the left lobe, weighing 2 gm., was removed. 
Dog made excellent recovery from operation. 

Gross Description. — Gland similar to last specimen described. 

Histological Diagnosis. — Colloid — early glandular hyperplasia. 

lodin per gm. dry ^1.091 mgm. 
" fresh = 0.188 " 
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July 11. A prophylactic dose of 1 cc. of a 5 per cent solution [137] 
of calcium chloride was given with food, although there was no 
evidence of tetany. 

July 14. Calcium chloride stopped. Dog in excellent condition. 

July 18. Wound healed. Dog in excellent condition. 

September 1. Dog in excellent condition, has gained in weight, 
now weighs 9.5 kg. 

September 13. Under ether anaesthesia another portion of the 
left lobe was removed, weight 0.5 gm. Aside from large amount 
of ether necessary, and excessive bronchial secretion, dog with- 
stood operation well. 

Gross Diagnosis. — Tissue more vascular than in previous speci- 
men, visible colloid distinctly less. The cut surface shows fine 
greyish trabeculse, giving the specimen a distinct opacity. 

Histological Diagnosis. — Colloid — early glandular hyperplasia. 



lodin per gm. dry ^1.082 mgm. 
" " fresh = 0.206 " 



September 15. Dog in excellent condition; used sulphur oint- 
ment again. 

September 19. Wound healed, stitches removed. 

October 3. Dog apparently normal, given 20 gtt. syr. fer. iod. by 
mouth. 

October 25. Finished the course of 15 cc. syr. fer. iod. by 
mouth. 

November 1. Under ether anesthesia a part of the remaining 
portion of the left lobe was removed, weighing 0.8 gm. The 
scar tissue was moderately dense about it, but no difficulty was [138] 
met with and dog rallied quickly from operation. 

Gross Description of Specimen Kemoved. — Scar tissue at one 
edge is quite vascular, color of gland is clear, reddish-translucent, 
consistency firm, colloid normal. The alveoli are distinct. 

Histological Diagnosis. — Pure colloid gland (goitre). 

lodin per gm. dry = 1.925 mgm. 
" " fresh = 0.513 " 

November 2. As the operation injury to the tissue approached 
very near to the upper pole, and hence there was danger of having 
injured the presumably only remaining parathyroid, it was 
deemed advisable to give 10 cc. of a 5 per cent solution of calcium 
chloride as a prophylaxis. 

November 4. 10 cc. of calcium chloride given; no evidence of 
tetany. 

November 5. Wound healed. Stitches removed. 

November 17. Dog very fat, weight 12.1 kg., active and alert. 

December 21. Dog in excellent condition. 
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[138] December 22. Under ether anjesthesia a part of the remaining 
portion of the left lobe was removed, weighing 0.355 gm. 

Gross Description. — Color brownish-red, colloid visible, though 
reduced, vascular. 
Histological Diagnosis. — Colloid — early glandular hyperplasia. 

lodin per gm. dry ^= 1.540 mgm. 
" fresh = 0.305 

December 26. Wound healed, stitches and bandage removed. 
Calcium chloride stopped. Weight, 12 kg. 

In this case at the time of admission the thyroid was clas- 
sified as colloid — moderate glandular hyperplasia, in which the 
histological picture was that of a spontaneous slow reversion 
from an active hyperplasia rather than that of a colloid 
gland undergoing further hyperplasia. We have summarized 
the experiment in the following tabulation: 

SUMMARY. 

Date of lodin per gm. 

Operation Histological Diagnosis. dry, fresh, 

mgm. mgm. 

April 22, '08. Colloid— moderate glandular hy- 
perplasia 0.269 0.059 

April 28, '08. Colloid — moderate glandular hy- 
perplasia 0.455 0.099 

May 9, '08. Colloid — early glandular hyper- 
plasia 0.692 0.167 

May 21, '08. Colloid — early glandular hyper- 
plasia ; 1.838 0.520 

June 2, '08. Colloid — early glandular hyper- 
plasia 1.774 0.446 

June 12, '08. Colloid — early glandular hyper- 
plasia 1.427 0.369 

June 27, '08. Pure colloid gland 2.170 0.550 

July 10, '08. Colloid— early glandular hyper- 
plasia 1.091 0.188 

Sept. 13, '08. Colloid— early glandular hyper- 
plasia 1.082 0.206 

Nov. 1, '08. Pure colloid gland 1.925 0.513 

Dec. 22, '08. Colloid — early glandular hyper- 
plasia 1.540 0.305 

Thus, in a single experiment, starting with active hyper- 
plasia we have followed the process back to colloid ; to hyper- 
plasia again; back to colloid, and finally to hyperplasia for 
the second time. 
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8. Summary and Discussion. 

In the observations above recorded the following points ti^^l 
were brought out : 

(1) Colloid glands are in all their anatomical character- 
istics the nearest approach to normal glands that active hyper- 
plasias can become. 

(2) There are as many degrees and sizes of colloid glands 
as there are degrees and sizes of actively hyperplastic glands. 

(3) There are all gradations from colloid glands to active 
hyperplasias. 

(4) The iodin contents of colloid glands are the nearest 
approach to those of normal glands that it is possible for 
glands to attain to, which have once been the seats of active 
hyperplasia. 

(5) Spontaneously occurring colloid glands are most fre- 
quently found in the well nourished and middle-aged animals. 

(6) Colloid glands are known to occur from spontaneous 
reversion of hyperplasias or following the administration of 
iodiu-containing substances to animals with hyperplasia, and 
in either case the resulting condition (colloid) is histologi- 
cally the same. 

(7) Partial removal of colloid glands is followed by the 
same compensatory hyperplasia as occurs in normal glands 
following their partial removal. 

(8) The administration of iodin-containing substances will 
prevent the occurrence of secondary hyperplasia in colloid 
glands to the same extent that it prevents the occurrence of 
hyperplasia in normal glands following partial removal. 

(9) It is possible by means of partial removals together 
with withholding and giving iodin to follow the process of 
reversion to a colloid gland; the process of compensatory 
hyperplasia, and the second process of secondary reversion 
in the same dog. 

Thus it is seen that colloid glands as regards their ana- 
tomical, chemical and general biological characteristics obey 
all the laws of normal glands in so far as these laws are at 
present known. 

These observations offer a rational explanation for the long 
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[138] known and ill understood phenomena of a goitre presenting 
some of the characteristics both of a colloid and of a hj^per- 
plasia (parenchymatous goitre) or of a hyperplasia occurring 
on a colloid basis, since it is possible to produce experimentally 
a hyperplasia on a colloid gland basis in just the same way 
as one produces a hyperplasia on a normal gland basis. 

To illustrate the above fact from goitre in man, where such 
cases have been more frequently observed, this is what occurs 
in those cases recorded in the literature as " Secondary 
Graves' disease " or Graves' disease engrafted on an old col- 
loid goitre in contrast with the so-called " Primary Graves' 
disease," which is the same process occurring on the basis of a 
normal gland. Then too the long life of man and a more care- 
ful study of goitre in man has allowed Lawson Tait (Bdinb. M. 
J., 1875, XX, 993) to observe the "stair-step" like progress 
of goitre associated with multiple pregnancies. This process 
interpreted by our present standards would mean a hyper- 

[139] plasia during the pregnancies with reversion to colloid gland 
during the intervals, with each succeeding reversion not re- 
turning to the size of the preceding reversion. 

This relationship of hyperplasias to colloid glands and to 
normal glands may be best presented in the following 
diagram : 




A, normal gland; B, all degrees of primary hyperplasia 
occurring on the basis of a normal gland ; C-1, 3, the several 
degrees of hyperplasia returning to colloid state; D, colloid 
glands; E-1, 2, etc., the several degrees of secondary hyper- 
plasia engrafted on the basis of a colloid gland; F-1, 2, etc., 
the secondary reversion of the secondary hyperplasias. Thus 
one might have tertiary hyperplasias and reversions, etc. 

These data, anatomical, chemical and biological, we believe 
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are sufficient to justify the conclusion that in dogs and sheep, [139] 
at least, all pure colloid glands are reversions from degrees of 
active hyperplasia and are the nearest approach to the normal 
quiescent condition that glands can ever assume which have 
once undergone active hyperplasia. Further, this return to 
the colloid state is nature's evidence of a relief from some 
physiological deficiency. Lastly, the process of reversion 
being physiological rather than pathological, it seems to us to 
be more closely allied with the involution type of atrophy 
than with degeneration. 

We are indebted to Profs. Stewart, Howard and Sollmann 
for their careful criticisms. 
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FURTHER OBSERVATIONS ON THE RELATION OP lODIN 

TO THE STRUCTURE OF THE THYROID GLAND IN 

THE SHEEP, DOG, HOG AND OX * 

DAVID MARINE, M.D., and C. H. LENHART, M.D. 

CLEVELAND, OHIO 
INTRODUCTION 

In this report we have collected our observations on the relation of 
the iodin content to the structure of the thyroid to include sheep, ox 
and hog thyroids. It is thus only a continuation of the work previously 
reported^ concerning dogs' thyroids. The methods used and the ana- 
tomic classifications adopted are the same as those fully described in the 
above-mentioned article and elsewhere.^ 

COMPARISON OF THE IODIN CONTENTS OF SHEEP, DOG, HOG AND OX 
THYROIDS WITH THEIR RESPECTIVE ANATOMIC STRUCTURES 

The following tables are compiled from iodin determinations made on 
the thyroids of 40 sheep, 67 dogs, 26 hogs and 37 oxen. As the basis of 
these tables we have used nine anatomic groups, viz. : 

1. Normal glands. 

2. Colloid glands (goiters). 

3. Colloid-early glandular hyperplasia. 

4. Normal-early glandular hyperplasia. 

5. Early-glandular hyperplasia. 

6. Early-moderate glandular hyperplasia. 

7. Moderate glandular hyperplasia. 

8. Moderate-marked glandular hyperplasia. 

9. Marked glandular hyperplasia. 

The normal and colloid groups are well defined, while the remaining 
seven groups are purely arbitrary divisions of the hyperplasias made for 
the purpose of facilitating analysis, since in reality one has to deal with 
a continuous gradation of hyperplastic changes occurring in either nor- 
mal or colloid glands. In order to express this gradation, we have used 
the following terms: normal-early glandular hyperplasia to include 



* From the Laboratories of Experimental Medicine and Pharmacology, West- 
ern Reserve University. 

1. Marine (David) and Williams (W. W.) : The Akciiives Ixt. Med., 1908, i, 
349. 

2. Marine (David) : The occurrence and physiological nature of glandular 
hyperplasia, etc. Johns Hopkins Hosp. Bull., 1907, xviii, 359. 
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those glands showing the very earliest hyperplastic changes occurring m 
normal glands; colloid-early glandular hyperplasia to include glands 
showing the earliest hyperplastic changes occurring in colloid glands, 
and the terms early, moderate, marked, etc., to include the other grada- 
tions up to and including the most extensive glandular hyperplasias met 
with. 

In placing these glands in these several anatomic groups, we have 
compared all the glands of the four animals, the one with the other, in 
order that the same standard of classification might obtain in all. 

In each of the following tables we have listed for comparison the 
iodin contents of sheep, dog, hog and ox thyroids having the same ana- 
tomic structure. 

Table 1.— Normal Glands * 

No. lodln per gm. dried. Iodin per gm. fresli. 

Animal. Cases. E. M. A. E. M. A. 

Sheep 19 4.614 2.288 2.467 1.318 0.694 0.686 

1.247 0.318 

4.722 1.064 

Dog 3 3.205 3.322 0.757 0.777 

1.990 0.512 

4.153 1.456 

Hog 18 2.412 2.515 0.778 0.884 

1.538 0.425 

4.768 1.592 

Ox 17 3.254 3.461 1.069 1.117 

2.730 0.892 

* In eacli table E., M., A. are abbreviations for extreme, mean and average, respec- 
tively. 

It will be seen that the upper extremes of iodin contents are fairly 
constant for all four animals, while the lower extremes show moderately 
wide variations, although the lowest of these lower extremes is always 
far in excess of the highest extremes of the succeeding group — normal- 
early glandular hyperplasias. This would indicate that there are con- 
siderable variations in the iodin contents within the group, even when 
no noteworthy anatomic changes are observed, although if individual 
comparisons of the iodin contents with the corresponding histologic prep- 
arations be made one can distinguish changes in the structure (too 
slight to warrant the introduction of a new group) corresponding to the 
variations in the iodin content; that is, glands with the highest iodin 
contents have a more flattened alveolar epithelium and vice versa, al- 
though all these glands appear in the table as normal. 

The average iodin contents for the four animals sliow a surprising 
constancy and parallelism, viz. : 2.467 mg. for the sheep, 3.515 for the 
hog, 3.322 for the dog and 3.461 for the ox per gm. of dried thyroid. 
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The ox thyroids in our series have distinctly higher iodin contents than 
either the dog^ sheep or hog. To know whether this is normally true 
would be of value in determining what relation exists between the nor- 
mal iodin content and the normal weight of the thyroid, since oxen ap- 
pear to have less thyroid per kilogram of body weight than do the other 
animals mentioned. From the experimental side it has been definitely 
shown that the amount of iodin in the thyroid does to a great extent 
control the size of the gland. 

Table 2. — Colloid Glands 

No. Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. B. M. A. B. M. A. 

3.691 1.027 

Sheep 3 3.529 2.996 0.974 0.818 

1.769 0.455 

3.608 1.039 

Dog 8 1.816 1.985 0.406 0.459 

0.846 0.132 

2.768 0.805 

Hog 2 2.353 0.681 

1.938 0.557 

Ox 



Owing to the small number of cases included, it is not possible to 

speak very specifically. However, in all three animals in which colloids 

were observed the upper extremes of iodin content are fairly constant, 

while the lower extremes show moderate variations. This agrees with 

what was observed in the normal glands, and our explanation is the 

same. Another point worthy of note is that, while the iodin per gram of 

colloid gland is in general lower than that of normal glands, yet, as will 

be seen, they approach nearest to the normal iodin content so far as we 

have found and may be raised to an equal content with the normal 

glands. 

Table 3. — Colloid-Early Glanddlae Hypekplasia 

No. Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. B. M. A. B. M. A. 

1.000 0.282 

Sheep 4 0.853 0.792 0.201 0.206 

0.461 0.138 

1.443 0.302 

Dog 4 0.953 0.945 0.221 0.217 

0.431 0.125 
Hog 

Ox 
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Table 3 and Table 4 deal with the most important anatomic and 
chemical changes concerned with the production of goiter, in that they 
represent the^ first deviation or change from the normal-colloid or quies- 
cent glands. Golloid-ewrly glandxilar hyperplasias differ from normal- 
early glandular hyperplasias in that the former are secondary^ hyperpla- 
sias, while the latter are primary. It is to be regretted that more colloid- 
early glands were not obtainable (the probable reason for this will be 
pointed out later). The extremes show a fair constancy. In the sheep 
the highest extreme iodin content is below the lowest pure colloid ex- 
treme. In the case of the dog this is in general true, though there are 
exceptions which we are not able to explain. The existence of these ex- 
ceptions suggests, however, that from the histology alone one is unable 
to say whether a given gland is undergoing further hyperplasia from a 
less marked hyperplasia or vice versa. The averages also are constant 
and in every instance show the great drop in the percentage of iodin 
from that of pure colloid glands. This drop is, as will be seen in Table 
4, identical with that occurring between the normal and normal-early 
glandular hyperplasia. Between no other groups are there comparable 
drops. This means that in both colloid and normal glands there are 
wide variations in the amount of iodin present, but that there is a quite 
constant lower limit of the iodin content necessary to maintain normal 
gland or pure colloid gland structure, and that this lower limit for col- 
loids is slightly in excess of 0.217 mg. per gram of fresh thyroid for 
dogs and 0.306 mg. per gram of fresh gland for sheep, corresponding to 
0.793 mg. and 0.945 mg. per gram of dried gland, respectively. 

Table 4. — Normal-Early Glandular Hyperplasia 

No. Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. E. M. A. E. M. A. 

Sheep 1 0.677 0.176 

1.296 0.318 

Dog 7 0.815 0.879 0.153 0.174 

0.483 0.018 

Hog 1 1.230 0.337 

2.676 0.726 

Ox 7 2.307 2.317 0.653 0.628 

2.000 0.482 

Table 4, together with Table 3, deals with the most important thy- 
roid changes concerned in the production of goiter. It is seen that the 
highest extremes of iodin content are invariably below the lowest extreme 

3. Secondary in the sense that this is the second time these glands have 
undergone active hyperplasia. 
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iodin contents of normal glands. This is even more evident with the 
means and averages. The table also shows that there is considerable 
difference between the average iodin content of sheep's thyroids and that 
of oxen thyroids, Just as was seen to be true of the normal glands of 
these animals. It suggests, as was stated under Table 1, that oxen nor- 
mally have more iodin and less thyroid per kilogram of body weight. 
In accordance with this, hyperplastic changes are manifest with an 
iodin content nearly four times that of the sheep's thyroids. But the 
most striking thing, just as in the colloid-early glands, is the great drop 
in iodin content from the normal, which must occur before hyperplastic 
changes are observed. The table shows that the lower limit of iodin 
necessary for the maintenance of normal structure is somewhat in excess 
of 0.176 mg. per gram of fresh gland for sheep, 0.174 for dogs, 0.337 
for hogs and 0.628 for cattle, or 0.677, 0.879, 1.230, 3.317 mg. per gram 
of dried gland, respectively. 

Table 5. — Early Glandular Hyperplasia 

No. Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. B. M. A. E. M. A. 
Sheep 

1 028 235 

- Dog 9 0.654 0.625 0.113 0.139 

0.243 0.063 

1.158 0.291 

Hog 2 1.102 0.285 

1.046 0.279 

2.186 0.615 

Ox 3 1.630 1.646 0.456 0.462 

1.123 0.314 

In the group of early glandular hyperplasia the iodin contents are 
still further lowered and the drop is practically the same in all four 
animals. The ox thyroids still show higher iodin contents than the other 
animals' glands for the same degree of thyroid hyperplasia as was also 
noted in the normal and normal-early glands. 

Table 6. — Early-Moderate Glandular Hyperplasia 

No. Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. E. M. A. E. M. A. 

S>eep 1 0.548 0.131 

Dog 1 0.262 0.082 

0.846 0.241 

Hog 3 0.769 0.795 0.233 0.224 

0.769 0.198 

1.030 0.252 

Ok 5 1.000 1.000 0.222 0.226 

0.969 0.205 
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In the table of early-moderate glandular hyperplasia are collected 
those glands which histologically show a degree of epithelial prolifera- 
tion (hyperplasia) too pronounced to be considered as early glandular 
hyperplasia and not sufficient to be classed as moderate glandular hyper- 
plasia. As regards their iodin contents, the upper extremes are in every 
instance lower than the lower extremes of the preceding group (early 
glandular hyperplasia). So also the average iodin contents are about 
as much below those of the group of early glandular hyperplasias as the 
early glandular hyperplasias are below the group of normal-early glandu- 
lar hyperplasias. 

Table 7. — Modeeate Glandular Htperplasia 

No. Iodin per gm. dried. Iodin per gm. Iresh. 
Animal. Cases. E. M. A. E. M. A. 

Sheep 1 0.400 0.091 

0.854 0.136 

Dog 9 0.345 0.368 0.076 0.078 

0.101 0.026 

Hog 

Ox 

There being no glands from hogs or oxen and but one from the slieep 
series that histologically belonged to ■ the group of moderate glandular 
hyperplasia, comparisons are impossible. The average iodin contents of 
the cases recorded are as usual below those of the preceding group. 

Table 8. — Moderate-Marked Glandular Hyperplasia 

No. Iodin per gm. dried. Iodin per gm. fresh. 
Animal. Cases. E. M. A. E. M. A. 

0.092 0.014 

Sheep 5 0.024 0.031 0.003 0.004 

0.000 0.000 

0.660 0.109 

Dog 9 0.231 0.283 0.042 0.055 

0.058 0.011 

Hog 

Ox 

In the group of moderate-marked hyperplasia also there are but two 
animals represented. The extremes of iodin content in the dog thyroids 
are widely separated. As has already been pointed out, it is impossible 
to tell from the histology alone whether a given gland is undergoing 
further hyperplasia or is reverting to a lesser degree, in which latter 
event the iodin would be higher. Another factor must also be considered, 
that is, that dogs live under far less constant conditions than sheep and 



oxen. It will be shown later that the more constant the conditions of 
life the more constant are the iodin contents. The averages show the 
same drop in the iodin contents proportional to the degree of increase of 
the hyperplasia. 

Table 9. — Marked Glandular Hyperplasia 

No. Iodin per gm. dried. Iodin per gm. Iresh. 
Animal. Cases. B. M. A. B. M. A. 

0.036 0.006 

Sheep 6 0.000 0.006 0.000 0.001 

0.000 0.000 

0.640 0.123 

Dog 18 0.073 0.114 0.014 0.023 

0.008 0.002 

Hog 



0.270 0.062 

Ox .5 0.215 0.189 0.042 0.041 

0.077 0.016 

Table 9 includes those glands having the most marked degree of 
thyroid hyperplasia and in consequence the lowest iodin contents. The 
only glands in which no estimable amount of iodin was found were in 
sheep, although, histologically, the degree of hyperplasia was no greater 
than in other glands which showed traces of iodin. The average iodin 
contents are all lower than the averages of the preceding group. S6 
also the extremes are lower except in dogs' thyroids, in which the same 
wide variations are noted as in Table 8. Our explanation is the same. 

SUMMARY AND DISCUSSION" 

Table 10, showing average iodin contents, has been introduced both 
as a summary and to emphasize the relation which exists between the 
iodin contents and the corresponding histologic structure. 

Table 10. — ^Averages 

Sheep. Dog. Hog. Ox. 

Anatomic Iodin per gm. Iodin per gm. Iodin per gm. Iodin per gm. 

Groups. Dried. Fresh. Dried. Fresh. Dried. Fresh. Dried. Fresh. 

Normal 2.467 0.686 3.322 0.777 2.515 0.884 3.461 1.117 

Normal-early .... 0.677 0.176 0.879 0.174 1.230 0.337 2.317 0.628 

Early 0.625 0.139 1.102 0.285 1.646 0.462 

Early-moderate .. 0.548 0.131 0.262 0.082 0.795 0.224 1.000 0.226 

Moderate 0.400 0.091 0.368 0.078 

Moderate-marked. 0.031 0.004 0.283 0.055 

Marked 0.006 0.001 0.114 0.023 0.189 0.041 

Colloid 2.996 0.818 1.985 0.459 2.353 0.681 

Colloid-early 0.792 0.206 0.945 0.217 

Since colloid glands differ from normal glands essentially in that 
they have undergone active hyperplasia, two series (1), normal, and 
(2), colloid, must be recognized. Taking up the normal series, which is 



practically complete in that it contains all the gradations of hyperplasia, 
it is seen that in all four species of animals the strictly normal glands 
have the highest iodin contents and those with marked glandular hyper- 
plasia the lowest. The intervening groups show progressive decline, 
depending on the extent of the hyperplasia. The greatest drop in iodin 
content between any two successive groups occurs between the normal 
and the normal-early glandular hyperplasias, that is, those glands show- 
ing the earliest histologic deviation from normal. This great drop 
occurs with all four species and is similar in nature to the drop which 
occurs between the pure colloid glands and the colloid-early glandular 
hyperplasias. As has been said, this drop suggests that there is a mini- 
mum iodin content necessary for the maintenance of the normal or col- 
loid state of the gland, and, since the amount of iodin present in normal 
or colloid glands is, as a rule, far in excess of this minimum, it is possi- 
ble that this difference represents the reserve or factor of safety. 

Certain details of this relation of iodin to the structure of the glands 
are more clearly shown in the full Tables 11, 12 and 13. Here it will 
be seen that by arranging the iodin contents in series from minimum to 
maximum, the glands are also arranged in series according to their his- 
tology, their colloid contents and their weights. In other words, the 
weights of the glands vary directly with the degree of hyperplasia and 
inversely with the percentage iodin content; the stainable colloid varies 
inversely with the degree of hyperplasia and directly with the iodin eon- 
tent, and the degree of hyperplasia varies inversely with the iodin con- 
tents (the normal and colloid series being, of course, considered sepa- 
rately). 

It is also noticed that within any anatomic group there is consider- 
able variation in the iodin contents. This is for the greater part due 
to the arbitrary anatomic groups, since the glands show histologic varia- 
tions corresponding to the iodin variations, but not sufficient to warrant 
separate grouping. In other words, the arbitrary groups but imperfectly 
represent the gradations which the complete tables fully picture. 

It may also be added that no special stress is laid on the actual figures 
of the iodin determinations, but only their relative importance as a 
series has been considered. Other observers with other methods may 
obtain different figures, but the relation between the iodin content and 
the gland structures, we believe, will always be found constant. 

Passing now to the colloid series, it will be seen that only two groups 
of colloid glands have been observed: (1) pure colloids, (3) colloid-early 
glandular hyperplasia. This is noteworthy because ia our human col- 
lection (to be reported), using the same anatomic classification and 



TABLE 11.— PIGS' THYROIDS 



Case 

No. 



P. 2, 
P. 24. 
P. 21. 
P. 17. 
P. 7. 
P. 16. 
P. 6 
P. 18. 
P. 5 
P. 19, 
P. 25. 
P. 12 
P. 20. 
P. i. 
P. 26 
P. 10 
P. 23 
P. 14 
P. 11 
P. 9 
P. 8 
P. 1 
P. 15, 
P. 3, 
P. 22, 
P. 13. 



Age. Sex. 






1 

o 


lOmos. M.* 


Good . . 


10 mos. M , 




10 mos. F. 




10 mos. M. 




10 mos. F. 




9 mos. F. 




10 mos. M, 




10 mos, M. 




10 mos. F, 




11 mos. M, 




9 mos. F. 




10 mos. F. 




10 mos. M , 




10 mos. F. 




10 mos. F, 




10 mos. M. 




8 mos. M. 




8 mos. M. 




8 mos. F. 




8 mos. M. 




2 yrs. F.. 




10 mos. M. 




8 mos M. 




10 mos. M. 




10 mos. F. 




8 mos. F. 


/ ^^ 



Iowa.. 



1 . 
Iowa . 



Color. 



Fleshy red . 



Yellow-red, transluc. 



Clear yellow-red. 



Pale yellow, transluc, 
Clear yellow-red 



Consistency. 



Moderately 

soft. 
Moderately 

soft. 
Moderately 

soft. 
Moderate. 



Firm . 



Colloid. 



Reduced. 



Visible 



Normal, 









a-2 
-OR 

0,769 
0.769 
0,846 
1.046 
1.158 
1,230 
1,538 
l,i 
1.! 
l.i 
l,i 
l,i 
l.i 
,984 
1.997 
2,307 
2,517 
2.615 
2,768 
2,768 
2,768 
3,230 
3,691 
3,691 
3,728 
4.154 



♦Age estimated by butchers. 











TABLE 12.— CATTLE THYROIDS 










General. 




Gross. 


Microscopical. 


Chen 


Case. 
No. 


Age. Sex. 


T3 

a 

o 


o 


i 

3 

'S.9 


Color. 


Consistency 


o 
o 

Normal. 

Colloid. 

Normal-Early. 

Colloid-Early. 

Early. 


Early-Moderate. 

Moderate. 

Moderate-Marked. 


1 Marked. 

lodin, per gm.. 
Dried. 


C 34 


Young steer.' 

Calf, fema e 
Young steer 

Young bull . . 
Young steer. 


Good. 

Poor... 
Good.. 


Northern 
Ohio 

Northern 
Ohio 

Michigan.. 

Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Northern 

Ohio. 
Texas 

Northern 

Ohio. 
Texasf..... 


41 
53 
370 
39 
13 
27 
17 
17 
16 
19 
16 
13 
12 
12 
13 
13 
12 
13 
11.5 
12 
11 
15 
11 
11 
12 
12 
11 
11 
32 
14 
12 
12 
11 
12 
13 
11 
11 


Opaque, pale brown 
Very pale brown 

Dark brown-red 


Soft 

Moderate. .. 

Firm 


Absent 






f 0,077 
H- 0.154 
f 0.215 
f 0.231 
f 0.270 
. 0.969 
, 0.969 
. 1.030 
. 1,000 
. 1,030 
. 1,123 
. 1,630 
. 2.153 
. 2,000 
. 2,186 
, 2 076 
. 2,307 
. 2,613 
. 2.676 
. 2.384 
. 2,730 
, 2.922 
. 2.937 
. 3,107 
. 3.091 
. 3,254 
. 3,537 
. 3.230 
3 230 


C 36 








C '^9 


^j 






C 30 


^j 






C. 35 


Visible . 






C. 40 






+ .. .. 
+ .. .. 
-h- .. 
■f .. .. 
f .. .. 


C 33 


Dark brown-red 

Translucent, brown- 
red. 

Pale brown, trans- 
lucent. 

Pale brown, trans- 
lucent. 

Brown red, translu- 
cent. 

Brown red, translu- 
cent. 

Dark brown-red, 
translucent. 

Pale brown-red, 
translucent. 

Very pale yellow 
brown, transluc. 

Pale yellow brown, 
translucent. 

Pale yellow brown, 
translucent. 

Pale yellow brown, 
translucent. 

Pale yellow brown, 
translucent. 

Yellow-brown, 
translucent. 

Pale brown, trans- 
lucent. 

Pale brown, trans- 
lucent. 

Pale brown, trans- 
lucent. 

Brown red, translu- 
cent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 

Pale yellow, trans- 
lucent. 
Pale yellow, trans- 
lucent. 
Pale yellow, trans- 
lucent. 
Pale yellow, trans- 
lucent. 
Pale yellow, trans- 
lucent. 


n 




C. 31. 
C 37 


" , 




C 38 


JJ 




C. 39 




. . .. + 


C. 32, 


+ • 
+ ■ 
+ ■ 
+ ■ 
+ ■ 
+ • 

" +• 

+ • 
+ 

4- 


+ 

+ .. .. 


C. 46 


+ 




C. 51. 
C. 45 


+ 

+ .. .. 




C 48 


+ .. .. 




C. 64 


+ .. .. 




C 41 


-j- 




C. 42 






C 47 






C. 44 






C. 43. 






C. 49. 






C. 52 






C. 57. 






C. 56. 






C. 63. 






C. 55. 






C. 50 






3,384 
3.630 
3,630 
3,230 
3,999 
3.999 
4.153 
4,768 


C. 62. 


" + • 






C. 61. 


+ • 






C. 60. 


" + • 






C. 58. 


" -\- . 






C. 53. 


" + ■ 






C. 54. 


+ • 






C. 69. 


" + 















♦i.e. 3 to 5 yrs. as estimated by cattlemen. 

tGeneral term among cattlemen, meaning any part of Great Plains. 



TABLE 13.— SHEEP THYROIDS 



General. 


Gross. 


Microscopical. 


Ch 


d 


Age. Sex. 


a 
o 


>i 


a 

tB 

a 


Color. 


Consistency . 


Colloid. 


la 


■6 


"3 






1 


1 


1 
i 


■a 


a 

o 






6 














z; 


o 
1 




z; 








1) 

a 


a 


•2 

si 

a 

-f 


a- 


S.33. 


F 8mos... 


Good... 


Seville, 


95 


Gray red, translu- 


Soft 


Visible... 


o.c 








Ohio. 




cent. 


























S.37. 


M. 10 mos . 


'* 


Seville, 
Ohio. 

Seville, 


115.0 


Gray red, opaque. .. 


" 


None 


















+ 


0.1, 


S.39. 


M. 9 mos. . . 


.1 


85.0 


11 


" 


u 


















+ 


Of 








Ohio. 






























S. 45. 


M.8 mos... 


■■ 


Seville, 
Ohio. 


55.0 


••• 


" 


" ■■■■ 






'• 












+ 


O.l 


S. 20, 


1 8 mos... 


" 


1 


110.0 


" " ^' . . . 


" 


" 


















+ 


o.t 


S. 36. 


M. 9 mos... 


" .. 


Seville, 

Ohio. 
Seville, 


120.0 


Gray, translucent. . . 


" 


Visible... 
















+ 




o.c 


S. 38. 


M. 10 mos.. 


.' 


130.0 


u 


i^ 


.< 
















+ 




or 








Ohio. 






























S. 34. 


F. 9 mos . . . 




Seville, 
Ohio. 


98.0 





" 


" •■ 
















+ 




o.l 


S 35. 


F. 9 mos... 


" •■ 


Seville, 
Ohio. 


110.0 


" 


" 


" 
















+ 




o.c 


S. 59. 


Ilyr .... 


" 


? 


6.0 


Opaque, red, granu- 
lar. 

Opaque, red, granu- 
lar." 

Opaque, red, granu- 
lar. 


" 


None... .. 


















+ 


c 


S. 21. 


M. 1 yr 


" 


1 


64.0 


" 


Visible... 
















+ 




o.c 


S.49. 


F. 8 mos... 


" .. 


9 


48 


" 


'' .. 














+ 






0.4 


S. 47. 


M.9 mos... 




1 


e.o 


Hed-gray, translu- 
cent. 


Moderate 


'* 




















O.i 


S. 32. 


F.4yrs.... 
F. 5yrs.... 


Fair... 


1 
1 


370.0 
15.0 


Hed-yellow, trans- 
lucent. 

Red-yellow, trans- 
lucent. 

Red-yellow, trans- 
lucent. 

Red-yellow, trans- 
lucent. 

Clear yellow, trans- 
lucent. 

Clear yellow, trans- 


Firm 










+ 












. 


S. 43. 








+ 


u.e 


S. 51. 


M.9 mos... 


Good... 


? 


18.0 


" 


Visible... 








+ 












0.£ 


S. 60. 


M.9 mos... 


" .. 


1 


16.0 


" 


" .. 








+ 












0.' 


S. 46. 


F. 5yrs.... 


Fair, . . 


? 


25.0 


" 


Normal, . 








-1- 












l.C 


S. 52. 


1 1 yr 


Good... 


9 


5 9 


" 


c. 


+ 


















1 s 












lucent. 


























S. 53. 


1 lyr 




1 


6.7 


Clear yellow, trans- 
lucent. 


" 


" 


+ 


















1.5 


S. 55 


1 lyr 


" ., 


1 


6.5 


Clear yellow, trans- 
lucent. 

Clear yellow, trans- 
lucent. 

Clear yellow, trans 


" 


" .. 


+ 


















14 


S. 48. 


F. 9 mos. .. 


Fair. . . 


1 


5.9 


" 


" .. 


-f 


















l.C 


S. 63 


F.3yrs. ... 


Good... 


1 


8.0 


U 


., 


+ 


















1 f 












lucent. 


























S.GOa 


M.2yrs.... 


'* 


1 


58 


Clear yellow, trans- 
lucent. 
Clear yellow, trans- 


*' 


" 




+ 
















1.' 


S.58. 


? lyr 


" 


1 


4.5 


u 


u 


+ 


















1 > 












lucent. 


























S. 60. 


F.3yrs.... 


Fair. .. 


N or them 

Ohio. 
North em 


8.0 


Clear yellow, trans- 
lucent. 
Clear yellow, trans- 


" 


" .. 


+ 


















2.] 


S. 61. 


F. 3yrs.... 


" 


8.5 


u 


.< 


+ 


















?, ' 








Ohio. 




lucent. 


























S. 62. 


F. 4yrs.... 


•■ 


N o r t hern 
Ohio. 


8.0 


Clear yellow, trans- 
lucent. 


" 


" 


+ 


















2. 


S.65. 


F. 4yrs.... 


" ■• 


Northern 
Ohio. 


8.5 


Clear yellow, trans- 
lucent. 


" 


" 


-j- 


















2 


S. 44. 


F. 4yrs.... 


" 


1 


6.0 


Clear yellow, trans- 
lucent. 

Clear yellow, trans- 
lucent. 

Clear yellow, trans- 


" 


•' .. 


+ 


















2. 


S.67. 


1 lyr 


" .. 


? 


7.5 


" 


" .. 


+ 


















2. 


S.57, 


1 lyr 


" 


? 


5.4 


u 


.1 


+ 


















,S 












lucent. 


























S. 70. 


F. 4yrs,... 




No rthern 
Ohio. 


7.0 


Clear yellow, trans- 
lucent. 


" 


" 


+ 


















S. 


S. 69. 


F. 3yrs.... 




N o r t hern 
Ohio. 


8.0 


Clear yellow, trans- 
lucent. 


" 


" 


+ 


















3. 


S.66. 


F. 3yrs.... 




No rthern 
Ohio. 


7.5 


Clear yellow, trans- 
lucent. 


" 


" 


+ 


















3. 


S. !)4. 


? lyr 


Good... 


1 


6.55 


Clear yellow, trans- 
lucent. 
Clear yellow, trans- 


" 


" .. 


+ 


















2 


S. 6t 


1 1 yr 


" 


Northern 


8.0 


u 


„ 




+ 
















3 








Ohio. 




lucent. 


























S. 19 


M.2yrs.... 


Excel- 
lent. 


? 


52.0 


Clear yellow, trans- 
lucent. 


" 


" 




+ 
















3. 


S. 56 


M.lyr 


Good... 


7 


6.1 


Clear yellow, trans- 
lucent. 
Clear yellow, trans- 


" 


" .. 


+ 


















4. 


S. 68. 


M. 10 mos. . 


" .. 


Northern 


7.5 


u 


» 


+ 


















<| 








Ohio. 




lucent. 
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methods, the colloid series will contain sufficient gradations of the hyper- 
plasias to parallel the normal series throughout and will be discussed 
with equal emphasis. 

These two groups of colloid glands suffice, however, to illustrate, 
first, the fact that pure colloid glands of the different animals have iodin 
contents very closely approaching those of normal glands, and, second, 
that colloid-early glandular hyperplasias have iodin contents similarly 
close to those with normal-early glandular hyperplasias. We believe 
that if all the conditions (diet, etc.) could be strictly controlled the 
iodin content of colloid glands would absolutely parallel those of normal 
glands and that a like parallelism would be seen throughout the grada- 
tions of hyperplasia of both the normal and colloid series. 

The probable reasons why we rarely obtain colloid glands in sheep, 
cattle and hogs are (1) that they are killed at an age when the natural 
occurrence of colloid glands is rare, and (3) that the conditions of life 
(as regards habits, food and locality) are more constant than obtain 
for man or dogs. 

So striking a uniformity in the anatomic changes for widely different 
animals can not be without significance. It suggests that the etiologic 
factor or factors in the production of thyroid hyperplasia (goiter) are 
probably the same in all these animals. The constant relation between 
structure and iodin content suggests that iodin is a common factor in 
all these animals. 

It seems fair to infer from this comparative study of anatomic struc- 
ture and iodin content that iodin is a very important factor, acting in 
the same direction and manner in all classes of animals in which hyper- 
plasias (goiterous changes) are observed, and that, therefore, for a gen- 
eral study of goiter, any of the animals mentioned may be used as a 
basis, and the results be applicable to man. 

Note. — In conclusion we wish to thank Professors Torald SoUmann and 
G. N. Stewart for their careful criticisms and suggestions. 
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The observations and experiments here recorded have been made on 
dogs, and include three with normal, eight with colloid and seventeeii 
with actively hyperplastic glands, as ascertained by the first specimen 
of thyroid removed. The plan followed has been to remove a control 
portion of the thyroid from each dog for histologic diagnosis and iodin 
determination, and at intervals to remove other portions for comparison. 

Our experiments may be divided into two groups: (1) those in which 
iodin was administered and (3) those in which no iodin was adminis- 
tered, except what was contained in a liberal diet of cooked meat, bread, 
sodium chlorid, milk and water. The food being the same in each 
group, no other remarks are necessary, except that dogs normally store 
some iodin from such a diet. These two groups have been tabulated, 
and in presenting Tables 1 and 2 we have arranged the cases according 
to the anatomic groups represented, as ascertained by the histologic 
diagnosis of the first specimen of thyroid removed. Thus normal and 
colloid glands are placed first; then follow in order the several degrees 
of hyperplasia. 

We shall discuss the cases according to the groups represented. 

1. Normal Glands.— Oi the three subjects (A-123, A-36, A-27), 
only one (A-26) was given iodin directly. In this case the iodin was 
distinctly but not markedly increased in the remaining lobe. This lobe 
also increased in size, but remained normal in structure. The other two 
subjects (A-123 and A-27) showed hyperplasia of the remaining lobes. 
These three cases show that iodin does have a preventive effect on the 

*From the Laboratories of Experimental Medicine and Pharmacology of West- 
ern Reserve University. 
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hyperplasia and also that iodin is increased even in normal glands, 
though slightly. This is what is expected when one recalls the normally 
wide variations in the iodin contents of normal glands from all ani- 
mals.^ The other point of importance, namely, that glands may grow 
in size and yet never show any deviation from normal structure, is of 
considerable interest, in that it furnishes additional proof that hyper- 
plasia, however slight, is no part of the normal growth of normal glands, 
but must be the evidence of some abnormal factor or stimulus. Further, 
it shows that the administration of iodin will not prevent the normal 
growth of a normal gland. Lastly, when the three cases are taken to- 
gether, it is seen that the amount of thyroid removed is of secondary 
importance to the iodin content in determining the occurrence of hyper- 
plasia, although iodin does not seem to prevent hyperplasia after a cer- 
tain maximum of thyroid is removed, just as it does not prevent the 
normal growth of pups' thyroids. It will be noted that all three dogs 
were young. This, as Horsley^ and all subsequent investigators have 
shown, is very important, since the needs for the gland's activities are 
greater in youth. The symptoms following the removal of the thyroid 
are also greater, and compensatory hyperplasia occurs more constantly 
and more rapidly the younger the animals are. 

Colloid> Olands. — There were three cases (A-51, A-120, A-118) in 
which iodin was given and five cases (A-63, A-95, A-104, A-106, A-123) 
in which it was not given. In the five cases in which iodin was not given 
there was as gradual lessening of iodin in the succeeding portions re- 
ro.oved. Just as in the normal glands. This is in sharp contrast with 
the hyperplasias, all of which will be seen to have gained slightly in 
iodin. It suggests that the ability of normal or colloid glands to store 
iodin from the food is much less than that of actively hyperplastic 
glands. While in general the iodin contents of colloid glands per gram 
are less than those of normal glands per gram, this is not necessarily 
true. The three glands in which iodin was administred show a marked 
increase in the thyroid iodin, though, as will be seen, it is not as great 
as that which occurs in the active hyperplasias, thus agreeing with the 
normal glands in this respect. In two of the cases, A-104 and A-106 
secondary (i. e., glands undergoing active hyperplasia for the second 
time) compensatory hyperplasia occurred, but only after the iodiu 
ha,d been greatly reduced. This also is in harmony with what nor- 



1. Marine and Lenhart: Further observations on the relation of iodin to the 
structure of the thyroid gland in the sheep, dog, hog and ox. The Archives Int. 
Med., 1909, iii, 66. 

2. Horsley: Brit. Med. Jour., 1892, i, 215. 



mally occurs in the spontaneous secondary hyperplasias. In the case of 
colloid glands^ just as was shown for normal glands, the amount of 
gland removed does not seem to be so important as is the iodin content 
in starting the hyperplasia and, also just as in the normal glands, there 
is a level below which iodin will not protect against secondary hyper- 
plasia. All the evidence taken together indicates that colloid glands 
behave exactly as normal glands when subjected to the same experi- 
ments, or, in other words, that colloid glands parallel normal glands. 

Hyperplasias. — Discussing the six cases in which no iodin was di- 
rectly administered, it will be seen that they represent degrees of hyper- 
plasia from early to moderate. They all show an increase of iodin in 
the successive portions removed. This is in sharp contrast with the 
normal and colloid glands, which under the same conditions of food and 
experiment did not show increases of iodin. Associated with this slight 
gradual increase in iodin, there is a slow return toward colloid glands. 
This slow return toward the colloid condition should be contrasted with 
the rapid return to the colloid condition in those cases given iodin di- 
rectly. 

Taking up the cases of hyperplasia in which iodin was administered, 
there were eleven, ranging from normal early to marhed glandular hy- 
perplasia. In all these cases very marked and very rapid increases in 
the iodin contents are shown. Taking the whole series, the general im- 
pression is that iodin is stored more rapidly in the cases with marked 
hyperplasia. This is very evident when colloids or normals are 
contrasted with the hyperplasias. The form of administration of iodin 
appears to be of less importance than the degree of hyperplasia in de- 
termining the rapidity with which iodin is taken up by the thyroid. 
The amount of iodin taken up obviously must depend on the quantity 
administered, the degree of hyperplasia and the extent of the epithelial 
surface. The rapidity of the involution (reversion) process in subjects 
given iodin may be judged from A-119 in which noticeable histologic 
differences were present in five days. This is about the average time 
required, though we have seen it in three days. The average time re- 
quired to induce complete involution (reversion) may also be ascertained 
from this ease, in which in 26 days the entire series of changes from' 
loarked glandular hyperplasia back to pure colloid gland occurred. How 
much this may be modified by different methods of administration and 
different preparations of iodin is yet to be ascertained. Our data indicate 
that these will be found to be of minor general pharmacologic impor- 
tance, though probably of great therapeutic importance. Desiccated 
thyroid preparations appear to have no advantage over the inorganic 



Table 1. — Experiments ik 



Case 
No. 




Age. 


1. 
|5 


■i § 
n 


A-26a 


F. 


3 mos 


2.4 


15, 2, '07.. 


A-26b 


F. 


i% mos . . 


4.0 


2, 4, '07... 


A-51a 


M. 


Middle... 


3.2 


29, 3, '07. . 


A-51b 


M. 


Middle.. 


3.0 


4, 4, '07... 


A-120a.... 


M. 


7 mos .... 


3.6 


15, 4, '08.. 


A-120b.... 


M. 


1% mos . . 


3.2 


2, 5, '08... 


A-118a.... 


M. 


3yrs 


9.0 


25, 3, '08.. 


A-nSb.... 


M. 


3yrs 


9.0 


30, 3, '08.. 


A-USc... 


M. 


3yrs 


? 


4, 4. '08... 


A-118d.... 


M. 


3yrs 


% 


10, 4, '08.. 


A-118e.... 


M. 


3 yrs 


1 


15, 4, '08. 


A-118f.... 


M. 


3yrs 


? 


6, 5, '08... 


A-118g.... 


M. 


3yrs 


? 


8, 5, '08... 


A-17a 


F. 


Middle... 


5.4 


22, 1,'07.. 


A-nb 


F. 


Middle... 


5.0 


15, 3, '07.. 


A-18a 


F. 


Middle... 


3.4 


22, 1, '07.. 


A-18b 


F. 


Middle... 


3.18 


11, 2, '07., 


A-73a 


M. 


Young... 


8.6 


25, 4, '07.. 


A-73b 


M. 


Young. .. 


7.1 


4, 5, '07..,. 


A-16a 


M. 


Old 


5.0 


22, 1,'07., 


A-16b 


M. 


Old 


3.2 


20, 2, '07., 


A-52a 


F. 


Pup 


2.7 


29, 3, '07., 


A-52b 


F. 


Pup 


2.8 


22, 4, '07., 


A-55a 


M. 


Pup 


7.27 


1,4, '06... 


A-55b 


M. 


Pup 


6.36 


8, 4, '09... 


A-125a.... 


M. 


lyr 


6.8 


9, 5, '08.,, 


A-125b.... 


M. 


lyr 


6.8 


18, 5, '08., 


A-lUa.... 


F. 


8 mos 


5.9 


19, 2, '09., 


A-lUa2.. 


F. 


8 mos 


.'i.9 


19, 2, '08. . 


A-lUb.... 


F. 


8 mos 


5.0 


24, 2, '08.; 


A-114C. .. 


F. 


8 mos 


4.2 


26, 2, '08. , 



Part 
Removed. 






o„- 



&H 



Color. 



Consist- 
ency. 



Visible 
Colloid. 



Histologic 
Diagnosis. 



E. lobe,. 
L. lobe , . 
L. lobe., 
E. lobe.. 

L. lobe., 
E. lobe.. 



Part of 
lobe. 

Part of 
lobe. 



Part of 1 
lobe. 

Part of r. 

lobe. 
Part of r. 

lobe. 
Part of r. 

lobe. 
Part of r, 

lobe. 
R. lobe.,.. 

L. lobe 

L. lobe 

R. lobe,.,. 

L. lobe 

E. lobe.... 

L. lobe 

E. lobe..,, 

R. lobe.... 

L. lobe 

L. lobe 

R. lobe..,. 



Part of 1. 

lobe. 
Rem. of 1. 

lobe. 
R. lobe,.,. 
Part of 1. 

lobe. 

Accessory 
thyroid. 

L. lobe 



R. lobe en- 
tire. 



0.24 
0,305 

22,1 

23,1 

1,7 
1,1 

2,7 
6.5 

6.0 

8,25 

7,3 

3,3 

3.25 

0.7 

0.65 

7,5 

4,75 

2,6 
2,1 
4.15 
2,7 

3,6 
2,0 
72,0 

57,2 

5,8 

93,0 

95.0 
11.6 

5,0 

27,2 

23,25 



Reddish, 

transl 
Yellow, 

transl 
Reddish, 

transl 
Reddish, 

transl. 

Yellow, 

transl. 
Yellow, 

transl. 

Yellow, 

transl. 
Yellow, 

transl. 



Yellow, 
transl. 

Yellow, 

transl, 
Yellow, 

transl. 
Reddish, 

transl, 
Eeddish, 

transl. 
Gray, 

transl. 
Clear, 

transl. 
Grayish, 

opaaue. 
Yellow, 

transl. 

Eeddish, 

opaque. 
Eeddish, 

transl. 
Grayish, 

opaque. 
Yellow, 
transl. 

Grayish, 

opaque. 
Clear, 

transl. 
Opaque, ,, 

Gray-red, 
opaque. 

Grayish, 
opaque. 

Grayish, 
opaque. 

Grayish- 
red, 
opaque. 
Grayish- 
red, 
oijaque. 
Grayish, 
red, 
opaciue. 
Yellowish, 
opaque. 



Firm 

Firm 

Moderate. 
Moderate. 



Firm.. 
Firm.. 

Firm.. 
Firm.. 

Firm.. 



Firm 

Firm 

Moderate. 
Moderate. 

Firm 

Firm.., .,,, 

Soft 

Firm 



Moderate. 

Firm 

Soft 

Firm 



Soft, . 
Firm,. 
Soft, . 
Soft, . 



Soft. 
Soft. 

Soft, 

Soft. 

Soft. 

Soft. 



Normal.. 
Normal.. 
Reduc'd. 
Normal.. 

Normal. . 
Normal. . 

Normal.. 
Normal.. 

Normal.. 

Normal.. 
Normal.. 
Visible.., 
Visible... 
Normal.. 
Normal., 

None 

Normal., 



None 

Eeduc 'd. 

None 

Normal, , 



None 

Normal. 
None... , 
None... . 



None.. 
None.. 



None 

None 

None 

Visible... 



Normal. 
Normal. 
Colloid . 
Colloid. 

Colloid. 
Colloid. 

Colloid. 
Colloid.. 

Colloid . 



Colloid 

Colloid 

Colloid 

Colloid early 

Normal early.... 
Colloid 



Mod. gland, hy- 
perplasia. 
Colloid 



Moderate gland.' 
hyper olasia... 

Colloid, early I 
gland. J 

Mod. marked! 
gland, hyperp. | 

Colloid 



Mod. marked] 

^land. 
Colloid 

Mod. marked] 
gland, hyperp. 

Moderate gland, 
hyperplasia. 

Marked gland, 
hyperplasia. 

Moderate mark- 
ed gland, hy- 
perplasia. 

Marked gland, 
hyperplasia. 

Marked gland 
hyperplasia. 

Mod. marked 
Band, hyper- 
plasia. 

Colloid, mod. 
glaud. hyperp. 



Which Iodin Was Given. 



b't; 


B ■ 


Amount, Form and 


Complicating 




d»^ 


d'^.S 


Duration of lodid 


Factors During 


Eemarks. 


m 


III 


Administration. 


Experiment. 




2.300 


0.380 
0.705 




None. 

None 




3.467 


1 c.c. sat. ale. sol. iodid 
from 2, 21 to 3, 8, '07. 


Chloroformed to death 4, 2, '07. 








0.707 


0.138 
0.245 




None. 
Pneumonia 




0.969 


6 5-er. tablets desiccat- 
ed thyroid from 3, 29 


Death on 5th day of pneumonia. 














to 4, 3, '07. 






2.353 


0.400 


Distemper and chorea 
on admission.* 






4.480 


1.195 


Given 70 gtt. syrup of 
ferr. iodid from Apr. 




No apparent improvement in dis- 






temper and chorea ; ehloformed to 






16 to May 2. 




death 5, 2, '08. 


0.721 


0.186 
0.237 




None. 

None. 




1.000 


Given 7.5 em. of desic- 
cated tnyroid con- 
















taining 1.092 mg. per 










gm. dried. 






0.477 


0.106* 


7.5 gm. desiccated thy- 


Slight wound in- 


Iodin determination uncertain owing 






roid iodid assign'd as 


fection ; HgCl2 


to presence of mercury.* 






above since last opr. 


dressing. 




1.815 


0.487 


120 gtt. syr. ferr. iodid 
since last operation. 


Infection cleared 
up. 




1.146 


0.227 


120 gtt. syr. ferr. iodid 
since last operation. 


None. 




0.893 


U.171 


160 gtt. syr. ferr. iodid 
from 4, 16, to 6, 1. 


None. 




0.126 


0.026 


No iodid since last 


Tetany 


Died 2 days after last operation of 






operation. 




tetany. 


* 






None 


Iodin not determinpd — aprident 










bitch pregnant.'*' 


4.615 


1.093 


200 mg. iodid given 
from 1, 26 to 2, 7, '07. 


None 


Killed with chloroform 3, 15, '07. 








0.261 


0.056 
1.265 




None. 
Emaciation; diar- 




4.184 


Fed 545 gms. fresh 


Dog died after great loss of weight. 






sheep's thyroid from 


rhea. 


associated with serious diarrhea. 






Jan. 25 to Feb. 3. 






U.420 


0.071 




Canine chorea ; 




« 




5 gtt. sat. ale. iodin 
from 4, 26 to 4, 30. 


"distemper." 
Acute distemper.. 


No iodin determination; specimen 
lost. 


0.086 


0.014 
0.393 




None. 
Emaciation 




1.739 


Fed 65 5-gr. tablets in 


Killed with chloroform 2, 20, '07; 






28 days following 1st 




great loss of weight; slight diar- 






operation. 




rhea. 


0.413 


0.057 
0.815 




None. 

None 




3.196 


15gtt. sat. ale. sol.iodin 
from 4, 1 to 4, 11. 


Killed with chloroform. 








0.054 


0.008 
0.292 




None. 
Pulmonary em- 




1.399 


7 gtt. sat. ale. sol. of 


Dog died suddenly night of April 8, 






iodin since April 2. 


bolism. 


and autopsy showed the pulmonary 


0.077 


0.016 
0.453 




None. 

Wound infection. . 


artery plugged with an embolus. 


2.107 


Wound packed 6 times 


Died suddenly May 18, owing to 






with iodoform gauze. 




wound being torn open by another 
dog in a fight.* 


0.000 


0.000 




None 


Dog was emaciated, pulse 180, heart 
action shook entire body, slight 


















diarrhea. 


0.000 


0.000 
0.243 




None. 

Slight wound in- 




1.123 


120 gtt. syr. ferr. iodid 








fed from 2, 19 to 2, 24. 


fection. 




1.480 


0.352 


40 gtt. syr. ferr. iodin 
in 2 days. 


Fatal hemorrhage. 


Hemorrhage due to infected silk 
ligature. 



Table 1.— Expekiments in 



rase 
No. 


i 


A-116a.... 


F 


A-116b.... 


F. 


A-116C . . . 


F. 


A-n6d.... 


F. 


A-117a.... 


M. 


A-inb.... 


M. 


A-119a.... 


M. 


A-119b.... 


M. 


A-119C. .. 


M. 


A-119d..,, 


M. 


A-119e.... 


M. 


A-119f.... 


M. 



Agre. 



7 mos . . 

7 mos . . 
7 mos. . 
7 mos . , 



2yrs. 
2yrs. 



mos.. 
8 mos . . 

8 mos,, 

8 mos , . 

9 mos.. 

10 mos. 









6.5 13, 3, '0 



6.0 

0.6 
5.5 

6.9 
6.6 

8.4 
8.2 

8.0 
10.0 
10.5 
11.9 



17, 3, '08. 
21, 3, '08. 

24, 3, '08. 

21, 3, '08. 

25, 3, '08. 

10, 4, '08. 
15, 4, ,08. 

22, 4, '08. 
28, 4, '08. 
6, 5, '08. . . 
15, 6, '08. 







Part 
Removed. 


■9,3 u 


R. lobe.... 


6.5 


R. lobe.... 


11.6 


R. lobe .... 


27.6 


L. lobe... 


43.5 


R. lobe.... 


4.2 


L. lobe / 
R. lobe f • • 


67.10 


L. lobe.... 


9.82 


L. lobe 


20.5 


R. lobe.... 


1.5 


R. lobe... 


7.2 


R. lobe... 


6.5 


Remaind'r 
of lobes. 


1.3 



Color. 



Grayish, 

opaque. 

Grayish. 
opaque. 

Yellowish 
opaque. 

Yellowish, 
opaque. 

Gray-red, 
opaque. 

Yellowish, 
opaque. 

Reddish, 

opaque. 
Yellowish- 
red, 
opaque. 
Yellowish, 
opaciue. 
Yellowish, 
trausl. 
Yellow, 

trausl. 
Yellow, 
trausl. 



Consist- 



Soft 


None 


Soft 


Visible... 


Firm 


Visible... 


Firm 


Visible... 


Soft 


None. . . . 


Soft 


Just visi- 
ble. 


Soft 


None 


Soft 


Just visi- 
ble. 


Moderate.. 


Visible... 


Firm 


Normal.. 


Firm 


Normal.. 


Firm 


Normal.. 



Visible 
Colloid. 



Histologic 
Diagnosis. 



Marked gland, 
hyperplasia. 



Colloid mod. 

marked gland. 

hyr-erplasia. 
Colloid mod. 

marked gland. 

hyperplasia. 
Colloid early 

gland, hyjrer- 

plasia. 

Marked gland.' 
hyperplasia. 

Colloid mod. 
marked. 

Marked gland.' 
hyperplasia. 

Colloid mod. 
marked gland. 

Colloid mod. 

gland. 
Colloid early 

gland. 
Colloid 



Colloid . 



salts of iodin^ or over pure iodin, in inducing these histologic changes. 
If anything, the pure iodin is taken up more rapidly. Going back to 
the cases in which iodin was not administered, it will be seen that in 
sharp contrast with A-119, in which complete involution (reversion) 
occurred in twenty-six days, A-121 did not reach complete involution 
(reversion) for sixty-six days. 

FORMS, MODE OF ADMINISTRATION AND AMOUNTS OF IODIN ADMINISTERED 

We have employed iodoform, fresh sheep's thyroids, desiccated sheep's 
thyroid, pure iodin, ferrous iodid, all of which forms are followed by 
the storage of iodin in the glands, whether normals, colloids or hyper- 
plasias. The resulting histologic effect in all is the same, viz. : the 
return to the colloid or quiescent condition. 

As to the mode of administration: It is taken up by the thj^roid 
when "painted" on the skin, given by mouth or injected hypodermically. 
On this point, however, we do not possess sufficient data to differentiate 
specifically between the several modes of administration other than that 
pure iodin apparently is taken up most rapidly. 



Which Iodin Was Given — Continued. 



^'ii 


a^ 


Amount, Form and 


Complicating 




Ts-a-s 


Duration of i odid 


Factors During 


Remarks. 


^gg'S 


"-SS35 


Administration. 


. Experiment. 




^=fl 


§pa 








0.015 


0.003 


No iodin administered 
prior to tirst opera- 


None 


Rhachitic, anemic and somewhat 






emaciated, with forcible action 






tion. 




and pulse 160; eyes weeping and 
stools soft. 


l.OOO 


0.188 


120 gtt. syr. ferr. iodid 
in 4 days since first 
operation. 


Slight wound in- 
fection. 




2.153 


0.477 


120 gtt. syr. ferr. iodid 
in 4 days since 2d 
operation. 

80 gtt. syr. ferr. iodid 


Slight wound in- 
fection. 




2.691 


0.693 


Fatalhemorrhage. 


Hemorrhage due to infected ligatore 






in 3 days. 




sloughing off a large vein ; thymus 
atrophic; spleen and lymph gland 
enlarged. 


0.065 


0.014 


No iodin given prior 
to 1st operation. 


None. 




2.384 


0.540 


120 gtt. syr. ferr. iodid 
given in 4 days since 
1st operation. 


Over anesthetized. 


Ineffectual efforts at resuscitation. 


0.200 


0.040 


No iodin given prior 


None 


Anemic, but fat deposits normal. 






to 1st operation. 






2.861 


0.553 


120 gtt. syr. ferr. iodid 
in 5 days since first 
operation 


None. 




4.078 


0.860 


300 gtt. syr. ferr. iodid 
in 7 dys. since 2d ope. 


None. 




3.353 


0.749 


No iodin given since 
last operation. 


None 


Dog gaining weight rapidly 








3.522 


0.89i 
0.554 


No iodin given 


None. 

Killed by negli- 
gent anesthetist. 




2.770 


No iodin given 


An attempt was made June 1, but no 






thyroid found in a hasty exam. 










Dog Jcilled June 15 by negligence 










after operation was completed. 



Coming to the amounts of iodin administered, one of the most strik- 
ing things brought out is that of the minute amounts (minute in con- 
trast with what we had generally seen recommended in the treatment of 
goiter) necessary to induce thyroid changes. It appears that the more 
marked the hyperplasia the greater is the amount of iodin taken up, 
since in normal dogs one can give very large amounts of iodin without 
inducing any systemic effect or raising the iodin content of the glands 
any more than much smaller doses do in actively hyperplastic glands. 
It may be well to refer to the systemic effects produced by iodin as we 
have seen them. 

In the first place, reference to Tables 1 and 2 will show that in nor- 
mal or colloid glands there is either little change in body weight or 
there is about the same change whether iodin was administered or not. 
This is not true of the subjects with hyperplasia. All such subjects when 
fed iodin lost weight rapidly for a time (one to two weeks), then started 
to gain, while in those not fed iodin a loss of weight was not observed. 
We have made some specific experiments regarding the loss of weight. 
Thus we took three markedly goitrous pups of the same litter, aged six 



Table 2. — Experiments in which 



Case 
No. 



Age. 






Part 
Removed. 



OM 






Color. 



Consipt- 
ency. 



Colloid. 



A-27a . . 
A-27b... 
A-123a . 
A-123b.. 
^.j23c. 
A-63a . . 
A-63b.. 
A-95a . . . 
A-95b... 
A-104a . , 
A-104b.., 
A-lMc. . 
A-106a . . 

A-106b... 

A-lOGc. . 
A-106d... 

A-122a . . 
A-122b... 
A-122C... 
A-122d.. . 
A-122e. . 

A-64a . . . 
A-64b.... 
A-94a . . . 
A-94b..., 
A-112a . . 
A-112b... 
A-112C . . 

A-74a . . . 
A-74b.... 
A-126a . . 
A-126b... 



F. 
F. 
M. 
M. 
M. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 



F. 
F. 

F. 
F. 
F. 
F. 
F. 

M. 
M. 
F. 
F. 
F. 
F. 
F. 

F. 
F. 
M. 
M. 



3 mos,. 
3 mos.. 
52 days 
33^ mos 
B% mos 
Middle. • 
Middle... 
Middle... 
Middle. , 
Middle. . 
Middle. . 
Middle. . 
Middle. . 

Middle. . 

Middle. . 
Middle. . 

2 mos 



3 mos. 



Pup. 



Middle. . 
Middle. . 

Young 

adult. 
Young 

adult, 
Young 

adult. 

Young . . . 
Young... 



1.85 

1.63 

1.4 

2.5 

8.1 

12.7 

12.7 

5.9 

5.7 

7.71 

7.7 

7.7 

11.8 

9.52 

9.50 



1.8 



2.3 



2 years. 



2.9 

2.9 

4.1 

2.15 

1.95 

5.4 

5.4 

5.9 

5.44 
6.35 
1 



15, 2, '07. 
2, 4, '07. . 
7, 5, '08.. 
1,6, '08.. 
7, 12, '08. 
17, 4, '07. 
22, 5, '07. 

11, 5, '07. 

6, 6, '07.. 
10, 9, '07. 
4,1, 'OS... 
7,1, '08... 
5, 6, '07. . . 

15, 7, '07., 

10, 9, '07.. 

7, 12, '07.. 

7, 5, '08... 
21, 5, '08.. 

1, 6, '08, . , 

12, 6, '08.. 
17, 6, '08.. 

17, 4, '07. 
5, 6, '07... 

11, 5, '07.. 
25, 5, '07.. 
15, 1, '08. 
25, 3, '08. . 
7, 12, '08.. 

25, 4, '07. . 
1,6, '07... 

2, 6, '08. . . 
29, 6, '08.. 



R. lobe. 
L. lobe. 
L. lobe. 



One-half of r. 

lobe 
All of r. lobe . 



L. lobe. 
R. lobe. 
L. lobe. 
E. lobe 



0.15 
0.15 
0.195 
0.100 
0.600 
14.25 
14.00 



H. lobe 

h 1. lobe 

Part of 1 lobe. 

Remains of 1. 

lobe. 
R. lobe 



1.7 

1.45 

2.25 

0.230 

29.5 



% 1. lobe. 



15.0 



J 2 of remaining 
part of 1. lobe. 
Remains of 1. 
lobe. 



Part of 1. lobe 
Part of 1. lobe, 
Part of 1. lobe. 
Part of 1. lobe. 
Entire r. lobe 



L. lobe. 
R. lobe. 
L. lobe. 
E. lobe . 



h. lobe and % 

of r. lobe. 
Part of r. lobe. 

All of r. lobe.. 



L. lobe. 
R. lobe. 



L. lobe 

5/6 r. lobe . , . 
Remains of r. 

lobe. 



3,0 


4,5 


2.2 


2,5 


1.0 


1.8 


10,5 


2.25 


2.3 


1,5 


1,0 


4.15 


? 


0.260 


3.6 


2,8 


13,0 
12,8 
3,3 



Reddish, 

transl 
Reddish, 

transl, 
Reddish, 

transl 
Reddish, 

transl, 
Gray, red. , 

Yellowish,, 

transl. 
Yellowish, 

transl. 
Yellowish, 

transl. 
Yellowish, 

transl. 
Yellowish, 

transl. 
Reddish, 

transl. 
Reddish, 

transl. 
Clear, 
brownish- 
yellow. 
Clear, 
brownish- 
yellow. 
Reddish, 

yellow, 
Reddish, 
opaque. 



Yellow, 

transl, 
Yellow, 

transl. 
Yellow. 

transl. 
Yellow. 

transl. 
Yellow, 

transl. 

Reddish, 

opaque. 

Reddi.-h, 

transl. 
Reddish, 

transl. 
Reddish, 

transl. 
Reddish, 

transl. 
Reddish. 

transl 
Reddish, 
opaque. 

Reddish, 

opaque. 
Reddish, 

opaque. 
Reduisn, 

transl. 
Reddish 
brown. 



Firm 

Firm 

Firm 

Firm 

Moderate. 

Firm 

Firm 

Firm 

Firm 

Firm 

Firm 

Firm 

Firm 



Firm . 



Moderate. 
Soft 



Firm . 
Firm . 
Firm . 
Firm . 
Firm . 



Moderate.. 

Firm 

Firm 

Firm 

Moderate. . 

Firm 

Moderate. , 

Moderate.. 
Moderate. . 
Moderate . 
Moderate. 



Normal.. .. 
Reduced .. 
Normal — 

Normal 

None 

Normal 

Normal.. .. 
Normal, .. 

Normal 

Normal 

Visible 

Visible 

Normal 

Normal 

Reduced. . . 

Just visi- 
ble. 

Normal. . . , 
Normal.. .. 

Normal 

Normal.. . . 

Normal 

Reduced .. 

Normal 

Normal 

Normal 

Reduced .. 

Normal 

Visible 



Reduced . 
Reduced . 
Visible..,. 

Visible.. 



loDiN WAS Not Given. 



Histolosric 
Diagnosis. 


SI 


£•3 

^-a 

d - 

■■sa 


Complicating 
Factors in 
Experiment. 


Remarks. 


Normal 

Early gland, hyper- 
plasia. 
Normal 

Normal 


0.886 
1.520 
6.921 


0.248 
0.253 
1.384 


None. 

Pneumonia. 

None. 

None. 

None. 




Marked gland, hy- 
perplasia. 
Colloid 1 


0.115 
1 246 
0.323 
1.076 
0.719 
2.738 


0.025 
0.298 
0.092 
0.251 
0.163 
0.510 


* 


Colloid 


None.. 


Killed 5, 22, '07. 


Colloid 

Colloid 


None. 
None... 


Killed with chloroform 6, 6, '07. 


Colloid ' 


None.. 


Bitch gave birth to 5 pups 5, 17, '07, Im- 


Colloid, early gland. 
Colloid, early gland. 


Tetany... 


pregnated again 9, 7. '07. 
Died 1, 7, '07 of tetany. 


Colloid ' 

Colloid 

Colloid, mod. gland. 

hyperplasia 
Colloid, mod. gland. 

hyperplasia. 

Colloid 


0.308 

0.554 

0.554 
0.115 

1.520 
1.350 
1.621 
1.262 
1.615 

0.300 
2.326 
0.657 
1.024 
0.332 


0.033 

0.066 

0.099 
0.022 

0.370 
0.384 
0.437 
0.350 
0.361 

0.051 
0.451 
0.122 
0.215 
0.078 


None. 
None. 

None. 

Probably myx- 
edelna. 

None.. 


Bitch died 1, 21, '08-l>^ months after 
last operation. Accessory thyroids 
present. 

On admission neck brown from iodin. 


Colloid 

Colloid 

Colloid 

Colloid, gland 


None. 
None. 
None. 
None.. 


Killed June 17 by another dog ; neck ter- 


Early gland, hy- ' 

perplasia. 
Colloid 


None. 


ribly torn and r, thyroid lobe hanging 
from wound.* ■ 

Killed with chloroform 6, 6, '07. 


Early gland, hyper-' 
plasia. 

Early gland, hyper- 
plasia 

Early mod. gland, 
hyperplasia. 

Colloid 


None. 

HgCla poisoning . 

Pregnant. 

Pregnant. 


Died May 25 of acute HgClj poisoning. 
Gave birth to 2 duds 3 15 '08 Onv** 


Colloid, mod. mark- 


0.128 

0.521 
1.452 
0.448 
0.560 


0.030 

0.072 
0.275 
0.098 
0,114 




birth to 5 pups 10, 29. '08. 
Tetany developed during second preg- 
nancy ; controlled by CaCIj ; developed 
myxedema after last operation 


ed gland, hyper- 
plasia. 

Mod. gland, hyper-' 
plasia. 

Colloid, early gland, 
hvperplasia 

Colloid, mod. gland. ' 
hyperplasia. 

Colloid, early mod 
gland, h'perplasia. 


None. 


None. 

Slight wound- in- 
fection: cleared 
up quickly.* 


Died while taking ether at 2d operation 



10 



Table 2. — Expekiments in which 





1 




-a 9 




tH i 
















■S—S 




OM . 








Case 
JNo. 


1 


Age. 


s 

s 

^ 


P 


Part 
Removed. 


•s"s 


Color. 


Consist- 
ency. 


Colloid. 


A-121a . . . 


M. 


Middle. . 


7 3 


23, 4, '08.. 


Part of r. lobe 


4.6 


Reddish 

Yellow. 
Reddish 

yellow. 
Reddish, 

transl. 
Reddish, 

transl. 
Reddish, 

transl. 
Reddish, 


Moderate. . 


Visible.... 


A-121b.... 


M. 


Middle. . 




28, 4, '08.. 


Part of r. lobe. 


7.6 


Moderate.. 


Visible 


A-121C... 


M. 


Middle. . 




9, 5, '06... 


Part of r. lobe. 


6.4 


Moderate. . 


Visible 


A-121d.... 


M. 


Middle. . 




21, .5, '08.. 


Part of 1. lobe. 


3.6 


Moderate. 


Normal 


A.121e . . . 


M. 


Middle. . 


8 7 


2,6, '08... 


Part of 1. lobe. 


1.2 


Moderate.. 


Normal.... 


A-121f . .. 


M. 


Middle. 




12, 6, '08. . 


Part of 1. lobe. 


4.85 


Moderate.. 


Normal 
















transl. 






A-121g... 


M. 


Middle. . 




27, 6, '08.. 


Part of 1. lobe. 


4.2 


Reddish, 
transl. 


Moderate.. 


Normal.. .. 


A-121h.... 


M. 


Middle. . 




10, 7, '08.. 


Part of 1. lobe. 


2.0 


Reddish, 
transl. 


Moderate.. 


Normal 


A-121i. .. 


M. 


Middle. . 


10.9 


13, 9, '08.. 


Part of 1. lobe. 


5 


Reddish, 
transl. 


Moderate. . 


Reduced .. 


A-121J. .. 


M. 


Middle. . 


12.1 


1,1, '08... 


Part of 1. lobe. 


0.8 


Reddish, 

transl. 


Moderate.. 


Normal.... 


A-121k.... 


M. 


Middle . 


12.0 


22, 12, '08. 


Part of 1. lobe. 


0.355 


Gray, red, 
transl. 


Moderate. . 


Reduced .. 



weeks; one was fed pure iodin by mouth, one ferrous iodid by mouth, 
and the other was kept as a control. We also took three pups raised la 
the laboratory with histologically normal glands and fed the same 
amount and kinds of iodin to them. In the goitrous pups the loss of 
weight was very rapid (one-twelfth of body weight in five days) in those 
fed iodin, and one-fortieth in the pup used as a control. On the other 
hand, the normal pups continued to gain in weight, whether fed iodin 
01' not. 

This brings up a very important, though well-known, observation, 
namely, that iodin administered to dogs with hyperplastic thyroids has 
a physiological action like the desiccated thyroid; i. e., it rapidly reduces 
the body weight, while iodin administered to normal dogs does not. With- 
out further data than our anatomic observations we advance the follow- 
ing possible explanation for this phenomenon, which has long been 
known to students of human goiter : In the hyperplastic glands their 
ability to take up iodin is greatly increased, owing to the greatly in- 
creased blood supply and the increased epithelial surfaces of the gland, 
and the excretory apparatus (whether through the venous or lymph chan- 
nels) is also greatly increased so that the ability of the gland to give off 
the iodized protein substance is increased to practically the same extent as 
is the ability to take iodin from the blood, and until this excretion can 
be lessened the organism is receiving, in effect, excessive doses of the 
physiologically active substance. As will be recalled from the anatomic 
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loDiN WAS Not Given — Continued. 



Histologic 
Diagnosis. 




E'o 

a r 
■■SB 


Complicating 
Factors in 
Experiment. 


Remarks. 


Colloid, mod. gland. 

hyperplasia. 
Colloid, mod. gland. 

hyperplasia. 
Colloid, early mod. 

gland, h'perplasia. 
Colloid, early gland. 

hyperplasia. 
Colloid, early gland. 

hyperplasia. 
Colloid, early gland. 

cote".^.^^."-. 

Colloid, early gland. 

hyperplasia. 
Colloid, early gland. 

hyperplasia. 
Colloid . . 


0.269 
0.455 
0.692 
1,838 
1.774 
1 427 
2.170 
1,091 
1,082 
1.925 

1,540 


0,059 
0,099 
0,167 
0,520 
0.446 
0.369 
0.550 
0.188 
0.196 
0.513 

0.305 


None. 

Noue. 
None. 
None. 
None. 
None. 
None. 
None. 
None, 
None.. 


From 10, 3, '00, to 10, 25, '08, dog was given 


Colloid, early gland. 


None.. 


15 c.c. syr.ferr.iodid by mouth. Histol- 
ogy: Colloid gland. 
Developed tetany 12 27, '08; controlled 


hyperplasia. 




by CaCl2 and, save for tetany, in excel- 
lent eondiiion 1, 26, '09. 



studies, the body proceeds to accomplish this end by gradually inducing 
obliterating endarteritis accompanied by a lessening of the size of the 
veins and lymphatic channels from the gland so that these changes are 
quite evident when the gland has reached the colloid state. (This proc- 
ess has also been recognized and described by v. Bruns/ by Oelsner* and 
De Ligneris.'^) And, as is well known, the administration of small doses 
of iodin (not in the form of desiccated thyroid) to normal or colloid 
glands does not occasion a noteworthy loss of weight. Indeed, clinically, 
in dogs it induces an increase in weight. Whether these anatomic 
changes in the vessels accompanying the process of involution (rever- 
sion) may be interpreted truthfully as we have here hypothesized is for 
future experiment and observation to decide. It is, indeed, very sugges- 
tive of such a physiologic role and may be made use of in clinical experi- 
ments with advantage, as we have already done, namely, that of begin- 
ning with very small doses of iodin in the hyperplasias and gradually 
increasing the dosage as the glands approach the quiescent or colloid 
state. We may add also that in exophthalmic goiter we have used the same 
method and with it have not seen the well-known untoward effect of 



3. Bruns: Beitr. z. kiln. Ohir., 1896, xvi, 521. 

4. Work done under T. Kocher and referred to by him in Arch. f. klin. 
Chirurg., 1908, Ixxxvii, 131. 

5. De Ligneris: Dissertation, Berne, 1907. 
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either desiccated thyroid or of iodin, as these substances usually have 
been administered in such cases. Thus iodin has a powerful drug ac- 
tion, this action varying with the dosage and with the degree of active 
hyperplasia of the thyroid and in its administration in all cases of 
goiter, whether in man or animals, two points should always be borne 
in the mind, viz.: (1) Small doses of iodin accomplish better thyroid 
effects than larger doses, whether the gland it normal, colloid or hyper- 
plastic; (2) and, while in normal or colloid glands large doses of iodin 
(not in the form of desiccated thyroid) usually have no untoward thy- 
roid effects, in the case of actively hyperplastic glands the dose must 
always be inverse to the degree of thyroid hyperplasia. 
To sum up, then, we have observed: 

1. The tendency of all active hyperplasias is to revert spontaneously 
to colloid glands, and this change is hastened or delayed by the presence 
or absence of iodin. The amount of iodin given is of little consequence 
in normal and colloid glands, but of the greatest significance in the 
active hyperplasias. 

2. The ability of the glands to take up iodin does not depend so 
much on the form, mode or amount of its administration as it does on 
the degree of active thyroid hyperplasia. 

3. There is a minimum amount of thyroid tissue below which iodin 
does not protect against compensatory hyperplasia. This limit is roughly 
the same whether colloid or normal gland. 

It is probable that desiccated thyroid would further inhibit the hyper- 
plasia, though we have no experiments on this point. Such a find- 
ing would add to the general belief that there are other activities of the 
thyroid than that associated with the elaboration of the iodized protein. 

EXPERIMENTAL CONGENITAL HYPERPLASIA OF THE THYROID IN DOGS 

So far as is known to us, H;alsted'' was the first to produce and to 
recognize the experimental production of congenital thyroid hyperplasia 
in dogs. His observations were made in 1888-9 and included three lit- 
ters of goitrous pups from three different bitches. All these bitches 
had had part of their thyroids removed (from one to one and a third 
lobes) prior to impregnation. The thyroids were, in two litters, twenty 
times and, in the other, about twelve times larger than normal pups" 
thyroids. These pups' thyroids showed no differentiation into colloid 
containing alveoli, as is the case in normal glands, but in general the 
alveoli were small, undistended tubular structures, lined with cubical 

6. Johns Hopkins Hosp. Eep., 1896, i, 399. 
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epithelium. The whole structure much resembled that of the parathy- 
roid gland. 

Following this, Edmunds^ was able to get a similar result in one 
experiment. Thus far we have seen no records of attempts to produce 
litters of normal pups from bitches which have previously given birth to 
goitrous ones, or vice versa. It is on this phase of the subject that we 
wish to record our observations. 

Dog A-17.—A female dachshund admitted Jan. 20, 1907, weight 5.4 kg. Ex- 
cellent condition. Thyroid lobes not palpable. 

Jan. 22, 1907: Under ether anesthesia the right lobe was removed, weighing 
0.7 gm. Excellent recovery. Gross description of the gland removed: Firm, yel- 
lowish translucent, colloid visible. Normal vascularity. 

Histologic Diagnosis. — Normal-early glandular hyperplasia. lodin determina- 
tion not made. (Specimen lost by accident). 

Jan. 26, 1907 : Wound healed. 

January 26 to February 7 inclusive: 200 mg. of iodin were given in the food. 

February 22, five pups were born, one still-born. The subsequent histories of 
these five pups are tabulated in Table 3. 

Table 3. — Pups op Dog A-17. 



=4-1 Ci 


^0 


ID 
CO 


i 


Day, 
Moath, 
Year of 
Opera- 
tion. 


Portion 

of 
Thyroid 
Removed. 


Histologic 
Diagnosis. 


Todin 
Content. 


Remarks. 


A-lTo... 


212 
210 
290 
290 
? 


? 

F. 
1 

T. 
M. 




3 days. 
9 days. 
9 days. 
26 days. 






Normal fetal 

thyroid. 
Normal fetal 

thyroid. 
Normal fetal 

thyroid. 
Normal fetal 

thyroid. 
Normal. 


1 

Trace 

Trace 

? 

1 


Still-born. 


A-17^. . 
A-177. . 

A-ns.. 

A-17e . 


25, 2, '07.. 
3, 3, '07... 
3, 3, '07. . . 
Autopsy . 


Both lobes. 
Left lobe.. 
Eight lobe. 
Both lobes. 


Died 18, 2, '07 ; un 

able to nurse. 
Died 4, 3. '07. 

Died 9, 3, '07; 

wound infection. 

Died 20, 3, '07 ; ker- 






osene poisoning. 



March 15: The mother had scabies; had lost some weight. Dog was chloro- 
formed to death. Weight at death 5 kg. Left lobe of thyroid was removed at 
autopsy; weight, 0.65 gm. 

Gross Description of Left Lobe. — Yellowish, translucent. Abundant colloid. 
Capsule and vessels normal. 

Histologic Diagnosis. — Pure colloid gland (goiter). 

Iodin per gm., dry = 4.615 mg. Iodin per gm., fresh = 1.093 mg. 

Dog A-lOJf. — Mongrel fox terrier admitted May 16, 1907. Pregnant. Weight, 
7.71 kg. Good condition. Th^ thyroid lobes were not palpable. 

May 17: Five pups born. 

May 21: Four pups alive and in good condition. 

August 27: All pups in good condition. 

The subsequent histories of these pups are tabulated below. 

September 7: Bitch impregnated by non-goiterous fox terrier. 

September 10: Under ether anesthesia the entire right lobe, weighing 1.7 gm., 
and approximately two-thirds of left lobe, weighing 1.45 gm., were removed. 



7. Lancet, London, 1901, i, 1451. 
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Gross Description of Gland Removed. — Yellow, translucent. Consistency firm. 
Vascularity normal. Capsule thin and delicate. Colloid abundant. 

Histologic Diagnosis. — Pure colloid gland (goiter). 

lodin per gm., dry = 2.739 mg. lodin per gm., fresh = 0.510 mg. 

September 16: Dressings removed. Wound healed; had had no evidence of 
tetany. 

October 21 : Bitch pregnant. 



Table 4. — Pups of Dog A-lOi, First Litter. 



No. of 
Puppy. 



Day, 

Mouth, 

Year of 

Operatiou. 



Age. 


M 


102 days. 


F. 


232 days. 


F. 


112 days. 


M. 


232 days. 


M. 


•279 days. 


M. 


112 days. 


F. 


139 days. 


F. 


153 days. 


M. 



|M 



Portiou and 

Weight of 

Thyroid 

Removed. 



Histologic 
Diagnosis. 



Remarks. 



Pupl(T-15). 
Pup 1 (T-15) . 
Pup2(T-24). 
Pup 2 (T-24) . 
Pnp2(T-24). 
Pup 3 (T-23) . 
Pup 3 (T-25) . 
Pup4(T-51). 



27, 8, '07 

4, 1, '08 

6, 9, '07 

4,1, '08 

?0, 12, '08.... 

(Autopsy). 

6, 9, '07 

30, 10, '07.... 

(Autopsy.) 
17, 10, '07. . . 

(Autopsy.) 



3.2 



7.0 



Left and % of 

right lobe. 
Remainder of rt. 

lobe, 0.150 gm. 
Lt. lobe,0.350sm. 

J^rt.lobe, 0,050 
Part of rt. lobe, 

0.^75 gm. 
Remainder of rt. 

lobe, 0.150. 
Left lobe, 0.350. 

Right lobe, 0.3)5. 

Left lobe, 0.700.. 



Normal 

Early gland. 

hyperplasia. 

Normal 

Early gland. 

hyperplasia. 
Mod. gland. 

hyperplasia. 
Normal 

Mod. gland. 

hyperplasia. 

Normal 



Ether anesthesia. 

Ether anes. ; died 

7, 1, '08; tetany. 

Ether anesthesia. 

Ether anesthesia. 

Distemper — chlo- 
roformed 
Ether anesthesia. 

Killed by another 

dog. 
Killed by another 

dog. (Kept as 

control. ) 



November 9: Whelped four pups, the subsequent histories of which are tabu- 
lated in Table 5. 

December 22 : Bitch in excellent condition. 

January 4, 1908: Under ether anesthesia a part of the remaining portion of 
the left lobe, weighing 2.25 gm., was removed, leaving a piece of thyroid tissue 
about the size of a small pea. The parathyroid was not seen. 



Table 5. — Pups of Dog A- 104, Second Litter. 





Montk, 
Year of 








Portion and 






No. of 
Puppy. 


Age. 






"Weight of 
Thyroid 


Histologic 
Diagnosis. 


Remarks. 




Operation. 




CO 


^cs 


Removed. 






Pup 1 (T-73) . 


14, 11, '07. 


5 days. .. 


F. 


320.0 


Both lobes. 


Early gland. 






(Autopsy.) 








0.105 em. 
Both lobes. 


hyperplasia. 


(CoQtrol.) 


Pup2(T-96). 


7, 12, '07 


28 days.. 


F. 


960.0 


Early gland. 


Killed by another 




(Autopsy.) 








0.400. 


hyperplasia. 
Early gland. 


dog. 


Pup 3 (T-97) . 


7, 12, '07. 


28 days.. 


F. 


910.0 


Both lobes. 


Killed by another 




(Autop-y.) 








0.305. 


hyperplasia. 
Mod. gland. 


dog. 


Pup4(T-2).. 


24, 12, '07. 


45 days.. 


i'. 


1.110 


Both lobes. 


Killed by another 




(Autopsy.) 








0.450. 


Lyperplasia. 


dog. 



Gross Description of Gland Removed. — Quite firm and vascular and showed 
considerable regeneration of the thyroid beyond the old suture line. Color red- 
translucent. Colloid visible. 

Histologic Diagnosis. — Colloid-early glandular hyperplasia. No iodin deter- 
mination. 
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Jan. 7, 1908 : Dog died during the night of tetany. Autopsy showed evidence 
of salivation. Gastric dilatation. Other tissues normal. Remaining piece of 
thyroid vpeighed 0.230 gm. and on histologic examination the ligature was found 
to have included and caused necrosis of what was probably the only remaining 
parathyroid. 

Dog A-112. — Female mongrel, admitted Jan. 11, 1908. Weight, 5.3 kg. 
Nutrition good. Thyroid lobes not enlarged. 

January 12: Impregnated by a healthy fox terrier. 

January 15: Under ether anesthesia the whole left and approximately two- 
thirds of the right lobe were removed. The total gland removed weighed 4.15 
gms. Good recovery. 

Gross Description of Gland Removed. — Dark red in color. Moderate consist- 
ency. Colloid barely visible. Lobes appear somewhat enlarged. Moderately vas- 
cular. 

Histologic Diagnosis. — Moderate glandular hyperplasia. 

lodin per gm., dried ^0.332. lodin per gm., fresh ^ 0.078. 

January 18: Jaws slightly swollen; otherwise condition good. 

January 20: Swelling of jaws had disappeared. Appetite good. 

January 22: Bandage and stitches removed. Wound healed. The dog re- 
ceived no iodin except what might have been obtained from the food. 

March 15: Two pups were born, one still-born; mother in good condition. 
The histories of these pups are tabulated in Table 6. 

Table 6. — Pups of Dog A-112, Fibst Litter. 





Day, 








Portion and 






No. of 


Month, 


Age. 




•^ 


Weight of 


Hiftologio 


Remarks. 


Puppy. 


Year of 


M 


■3fl 


Thyroid 


Diaguosis. 




Operation. 




to 


^^ 


Eemoved. 






Pupl 


15, 3, '08. 
(Autopsy.) 





1 


280.0 




Fetal type of 
hyperplasia. 


Still-born. 








Pup 2 


7, 5, '08 


52 days.. 


M. 


1.35 


Leftlobe, 0.195. 


Colloid 


Fed iodin ; ether 
anenthef:ia. 


Pup 2 


1,6. 'OS. .... 


77 days.. 


M 


'! 


}^ of right lobe, 
0.100. 


Colloid 


Fed iodin; ether 
anesthesia. 


Pup 2 


7, 12, '08 .... 


267 dajs. 


M. 


8.1 


Remainder of 
rt. lobe,0.600. 


Colloid— mark- 
ed gland, hy- 
perplasia. 


11,3, '09, no tetany, 
no myxedema, 
normal. 



March 2.5 : Under ether anesthesia approximately one-half of the remaining 
portion of the right lobe was removed. Recovery from operation good. Piece re- 
moved had a normal gross appearance. 

Histologic Diagnosis. — Pure colloid gland (goiter). No iodin determination. 

March 26, 9 a. m.: Dog in violent tetany. Respiration 180-200 per minute. 
Mouth gaping. Pulse could not be counted. Tongue protruding and of a very 
bright red color. Profuse salivation. Dog lay on its side. All muscles tense 
with intermittent general tetanic seizures. Was given 5 e.c. of a 5 per cent, 
calcium chlorid solution in one-half pint of milk by a stomach-tube. At 4 p. m. 
dog was able to walk, though very weak. 

March 27 : Repeated the dose of calcium chlorid with milk. Dog still had 
slight muscular twitchings. Respiration 32. Pulse 130. 

April 1: Calcium chlorid stopped. Apparent recovery from tetany. Bandage 
removed, together with stitches. Wound healed. 

April 6: No evidence of tetany, though five days have elapsed since calcium 
chlorid was stopped. 
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July 3: Dog and pup in good condition. No evidence of scabies, but a prophy- 
lactic application of sulphur ointment was given. 

September 1 : Dog in excellent condition. 

October 1 : Sulphur ointment again applied. 

October 15: Dog pregnant. 

October 29: Gave birth to five pups. 

October 30: One pup, weight 115 gm., chloroformed to death. Thyroid lobes 
histologically normal. 

November 2: One pup, weight 260 gm., chloroformed to death. Thyroid lobes 
histologically normal. 

November 3 : Mother in violent tetany, given 50 c.c. of a 5 per cent, solution 
of calcium chlorid with relief in two hours. 

November 19: No tetanic symptoms since November 3. 5 c.c. of calcium 
chlorid solution had been given daily. 

December 3 : Mother and, three pups normal. Had weaned the pups. 

Summarizing these cases, we find that A-17 gave hirth to normal 
pups after one lobe had been removed and iodin administered. The 
remaining lobe returned to the colloid state, while the first lobe removed 
was histologically a normal-early glandular hyperplasia. 

In A-104 a litter of normal pups was born shortly after admission; 
then after nearly four months the dog was again impregnated and one 
and two-thirds thyroid lobes removed, which histologically were pure 
colloid glands. In the second litter, the pups' thyroids were slightly 
enlarged and histologically were in a state of early glandular hyper- 
plasia. The remaining portion of the mother's thyroid had also under- 
gone hyperplasia. 

In A-112, immediately after impregnation, one and two-thirds lobes 
were removed, which histologically were in the state of moderate glandu- 
lar hyperplasia. Of the two pups born, one died at birth and its thy- 
roid was slightly enlarged and histologically showed only cylinders of 
columnar cells, with no evidence of colloid (fetal type of hyperplasia 
likened by Halsted to parathyroid tissue). The mother and pup were 
given iodin. The pup was reared. The second litter of pups from this 
bitch (A-112) was normal. 

These cases, in so far as they show a repetition of Halsted's results, 
are positive, but they are only suggestive of the inhibiting effect of iodin. 
They do not eliminate the possibility and, indeed, the probability of 
other factors than iodin as determining the fetal thyroid reaction. We 
believe that iodin is the greatest single factor, but that the general food 
and the general hygienic surroundings are also of great importance, 
since all the cases of congenital goiter examined show general nutri- 
tional disturbances, as anemia, bone changes, etc. Such cases in human 
pathology have usually been included under "fetal rickets." This fetal 
thyroid hyperplasia, so far as our observations have extended, seems to 
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be identical in its anatomic and physiologic characteristics with compen- 
satory hyperplasia following partial removal, and it is likewise identical 
histologically with the naturally occurring hyperplasias, whether of pre- 
natal or postnatal origin. lodin has similar inhibiting and involuting 
(reverting) effects in all these forms of hyperplasia. 

Finally, it seems advisable to add some account of the clinical 
phenomena accompanying these various anatomic conditions of the thy- 
roid, in order that the rather disconnected anatomic, chemical and gen- 
eral biologic data discussed on the preceding pages may be utilized fot 
clinical inference. Again the anatomic grouping must be followed. 

1. Normal Glands. — Animals with normal thyroids obviously do not 
concern us. 

2. Colloid Glands. — Animals with colloid glands are, as a rule, 
adults (unless treated) and present no symptoms referable to the thy- 
roid, save that the glands are usually enlarged, and, for this reason, one 
may observe mechanical (pressure) effects, although in quadrupeds this 
is extremely rare. All animals (sheep and dogs) whose glands were 
pure colloid were clinically in excellent health. This applies to the col- 
loid glands experimentally produced (by the direct administration of 
iodin, by food or otherwise), as well as the natural occurring ones. 

3. Hyperplasias.' — The great majority of all animals (sheep, dogs, 
cats, horses, hogs and cattle) whose glands were histologically in the 
state of active hyperplasia showed no symptoms which would distin- 
guish them from normal animals by the ordinary methods of examina- 
tion. This statement is of importance when one recalls that 90 per 
cent, of the dogs and 50 per cent, of the sheep and cattle of this locality 
show hyperplastic changes of a greater or lesser degree. On the other 
hand, there is a degree of hyperplasia which, when present, is always 
accompanied by clinical manifestations. These clinical manifestations 
are of different degrees, reaching their highest in the true cretins which 
die shortly after birth, thence shading off gradually to the limit of de- 
tectability. We have used the term "cretinoid" in order to include the 
several degrees of severity of the symptoms. 

All these animals are young (calves, lambs or puppies). In the 
worst forms the animals die immediately after birth. Such subjects 
show poorly developed, hairy coats (thin, coarse), a high degree of ane- 
mia and deficient calcification of the bones, but with no reduction in the 
subcutaneous fatty tissue. These animals, as a rule, have much-en- 
larged thyroids of the glandular-vascular type with promient lymph 
glands, thymus and spleen. In dogs, the most common types at the 
laboratory have been the less severely affected subjects — those which 
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would eventually recover spontaneously. Farmers in Michigan have 
told us that lambs usually recover if able to suckle. We have found the 
same to be true of dogs. In these milder cases one notes the following 
characteristics: The hair is dry, coarse and partially furred. The 
palpebral fissure is narrow. The eyes are weeping and dull. The heart 
is hypertrophied. The rate is rapid and the beat forcible. On slight 
exertion, back pulsation in the neck veins occurs and the thyroid lobes 
become acutely swollen with blood. This may produce syncopal attacks 
in which the animal may die. The epiphyses of the bones are enlarged. 
The mucous membranes are vei7 pale, almost blanched. So far as we have 
observed, the appetite is good and the general body bulk is quite or 
above the average weight. The gait is slow, unsteady, awkward, and 
mentally tliey are extremely dull. We have never observed true ex- 
ophthalmos, although we have imagined in some cases that the eyes 
were slightly more prominent than in normal pups. These two types 
illustrate the severest and the moderate degrees. The milder forms^ 
down to clinically normal dogs show the same kind of manifestations, 
the difference being of degree. Excellent and much fuller descriptions- 
of the phenomena in lambs and calves may be obtained from reports by 
Davis,^ Seligmann" and Campbell.^" 



8. Davis: Vet. Jour, and Ann. Comp. Path., 1898, xlvii, 25. 

9. Seligmann: Tr. Path. Soc. Lond., 1903-4, Iv, 1. 

10. Campbell: Tr. Med. and Phys. Soc, Calcutta, 1833-4, vii, 1. 
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I-NTRODUCTlOTsf 

Throughout the course of our studies on the formatiorL of goiter it 
has been our aim to collect all the data possible as to the incidence, 
kinds and nature of the thyroid changes in animals so that when human 
thyroid changes were taken up at least some fundamental conclusions 
could be available as a point of departure. Nevertheless, while the sup- 
planting of indirect and accidental observations on maa by the direct 
observations on animals is the modern and logical way of approaching 
a medical problem, proper regard must always be had for the difference 
arising out of the different positions of the different animals in the 
biological scale of animal life, even though evidence is fast accumulating 
that their pathology is quite as applicable to man as their physiology, 
considering their position in the biological scale. This method of 
approach is particularly desirable in the case of the thyroid, since the 
advance of our knowledge of thyroid diseases has been restricted by 
attempting to use human material as a basis of study. This is due 
(apart from the indirect and accidental nature of such observations) to 
the fact that complicating factors are so common and modifying condi- 
tions so frequent that pure types are not encountered with sufficient fre- 
quency in the experience of any one observer to enable him to empha- 
size their importance. 

In the present work we first attempted to use human material, but 
v.^ere forced to turn back and study series of dog, sheep, pig and ox thy- 
roids in order to iind basic types of anatomical changes. Therefore, the 
observations on human thyroid changes are compared with similar 
changes oocurring in the above-mentioned animals. The results of these 
comparisons have shown a surprising uniformity both in the iodin con- 
tent and in the histological structure for all these animals — man, dog, 
sheep, ox and pig. 



* From the H. K. Gushing Laboratory of Experimental Medicine, Western Re- 
serve University. 
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ANATOMICAL CLASSIFICATION 

The confusion that at present exists throughout all phases of thy- 
roid changes can be inferred from the vast literature that has arisen 
around one phase — namely, exophthalmic goiter — in tJie endeavor to 
establish the fact that in every true case of this disease there occurs active 
hyperplasia of the thyroid. And, even in this single phase, there are 
still widely different opinions. All the other phases of thyroid changes 
are more or less indefinite. 

Virehow"- fully recognized the confusion existing at that time and 
the errors to which it was leading when he wrote: "With reference to 
true goiter the opinion has long been held that it comprises a series of 
definite species (struma lymphatica, cystica, ossea, vasculosa, etc.) which 
develop independently of each other. This is wrong. All these so-called 
varieties are none other than different modes of development of essen- 
tially the same form of goiter. They mean only different forms of 
terminal conditions or metamorphoses which can be combined with one 
another in the same tumor, and a very large and striking variety of 
these metamorphoses may exist in the same tumor." 

Since Virchow wrote these words the advent of operative removal 
of goiters and the extensive reports based on this highly complicated 
material have in general tended to complicate the classification further. 
Two major causes have assisted in this confusion. First, as Virchow 
pointed out, the secondary or complicating changes have been raised to 
the importance of the primary changes — for example, such terms as 
"fibrous," "cystic" or "hemorrhagic" goiter have been placed on the 
same plane with parenchymatous (actively hyperplastic) goiter. Sec- 
ond, in the correlation of the clinical phenomena with the anatomical 
changes and the development of the clinical-pathological classification 
the fact has not always been borne in mind that very great anatomical 
changes may occur in a short space of time and that the clinical phe- 
nomena do not necessarily change to the same extent; as, for example, 
the typical active thyroid hyperplasia of exophthalmic goiter may revert 
to a pure colloid condition within a month and the clinical picture 
remain that of a well-defined case of exophthalmic goiter. We have 
repeatedly observed this change. 

In the lower animals where these various secondary or complicating 
factors are reduced to a minimum it is quite easy to convince oneself 
by examining any large series of glands that there are fundamental 
types of thyroid changes concerned in the production of true goiter. 

1. Virchow. Die krankhaften Geschwulste, 1863, iii, 4. 



These fundamental types are (1) the nonnal thyroid, (3) the actively 
hyperplastic thyroid (all degrees) and (3) the colloid thyroid. 

With these fundamental types established,, the problem of bringing 
the human thyroid changes into relationship with them is not difficult, 
although there remains in any large series of human thyroids and, to a 
lesser extent, of dogs' thyroids, a considerable group of glands in which 
the anatomical changes are so extensive and complicated as to bear little 
resemblance to the primary types. This is especially true of the human 
operative material, in which uncomplicated forms are seen only in the 
active hyperplasias of childhood, puberty, pregnancy and exophthalmic 
goiter or in the colloid glands resulting immediately therefrom. 

From an anatomical material consisting of 370 human, 850 dog, 70 
sheep, 67 ox and 26 pig thyroids which we have personally collected and 
examined, together with a fair review of the literature, the following 
general schema of anatomical changes has been deduced: 

I. Normal Thyroid. 
II. Active Hyperplasias. 

1. Prenatal — may terminate in: 

(a) Fibrosis-atrophy. 

(b) Colloid. 

2. Childhood — may terminate in: 

(a) Fibrosis-atrophy. 

(b) Colloid. 

3. Puberty — may terminate in: 

(a) Exophthalmic goiter, fibrosis-atrophy. 

(b) Colloid. 

4. Pregnancy — may terminate in: 

(a) Exophthalmic goiter, fibrosis-atrophy. 

(b) Colloid. 

5. Exophthalmic goiter — may terminate in: 

(a) Fibrosis-atrophy. 

(b) Colloid. 
III. Colloid glands. 

1. Active hyperplasia. 

(a) Simple hyperplasia — may terminate in: 

( i) Exophthalmic goiter, 
(ii) Colloid. 

(b) Exophthalmic goiter — may terminate in: 

( i) Fibrosis-atrophy. 
(ii) Colloid. 

(c) Colloid. 
IV. Atrophies. 

1. Infantile. 

2. Supervening in exophthalmic goiter, tuberculosis, obesity (Der- 

cum's disease ? ) , etc. 

3. Physiological {old age). 
V. Regeneration ( hyperplasia ) . 



VI. Degeneration. 

1. Hyaline. 

2. Calcareous. 

3. Amyloid, etc. 
VII. Inflammations. 

VIII. Tumors. 

1. Benign. 

(a) Fetal adenoma. 

(b) Simple adenoma. 

2. Malignant. 

(a) Carcinoma. 

( i) Originating from fetal adenoma, 
(ii) Glandular carcinoma. 

(b) Sarcoma. 

(c) Endothelioma, etc. 
IX. Complications. 

1. Hemorrhage and its sequelae. 

2. Cysts, etc. 

This general outline or skeleton of the major types of changes occur- 
ring in the thyroid difEers somewhat from the usual ones of text-books 
in several important particulars. First and most important perhaps is 
that colloid glands have been removed from the group of degenerations 
and placed on the same plane with normal glands and the hyperplasias. 
This was the result of both an anatomical and experimental study.^ 

Second, it indicates the sequence of changes occurring in the gland, 
e. g., colloid glands are placed after the active hyperplasias because it has 
been shown that all colloid glands have at one or more times been in the 
stage of active hyperplasia. 

Likewise atrophies, apart from the physiological (senile) form, are 
in all probability always j)receded by a greater or lesser degree of active 
hyperplasia.' 

In the present communication we are concerned only with normal 
actively hyperplastic and colloid glands, inasmuch as these are the only 
fundamental types concerned in the production of true goiter. Certain 
relations with the remaining groups of the general schema will, however, 
be pointed out in their proper places. 

The anatomical descriptions to follow will, in the main, be confined 
to the human thyroid, inasmuch as extended descriptions of similar 
changes in other animals have already appeared.* 



2. Von Bruns: Beitr. z. klin. Chir., 1896, xvi, 521. Marine and Lenhart: 
Johns Hopkins Hosp. Bull., 1909, xx, 131. 

3. Ord, W. M.: Brit. Med. Jour., 1898, ii, 1473. Howard, C. P.: Myxedema. 
Jour. Am. Med. Assn., 1907, xlviii, 1325. 

4. Marine: Cleveland Med. Jour., 1907, vi, 45. Marine: Johns Hopkins 
Hosp. Bull., 1907, xviii, 359. Marine and Williams: The relation of iodin to 
the structure of the thyroid gland. The Archives Ixt. Med., 1908, i, 349. 



I. NORMAL THYROID* 

The normal human thyroid^ differs histologically in no essential way 
from similar glands in the dog, sheep, ox, pig or horse. In the past 
histologists have differed somewhat as to the characteristics of normal 
glands, but these differences were dependent largely on the regional and 
accidental circumstances of the material used. The more recent descrip- 
tions given by Miiller,' Bozzi,'' and Ebner* show a general agreement. 
From these authors' descriptions, however, it can be seen that no sharply 
cut, terse description of the histology is universally accepted. This is to 
be expected in regard to a gland like the thyroid, which reacts so quickly 
to the many changes and alterations in the body metabolism. It was 
pointed out by Hale White" that if one examined any large series of 
human thyroids he would find great variations in the histological appear- 
ance in subjects that, during life, showed no manifestations of diseases 
known to be associated with thyroid changes. This observation has been 
confirmed by all subsequent observers. 

The perfectly normal, adult thyroid weighs between 30 and 30 gm. 
This is lower than the weight usually stated (30 to 40) and applies to 
the seacoast type, for there is no doubt that in goitrous districts much 
larger glands are considered normal, although from our observations we 
believe that all such glands have at one time or another shown hyper- 
trophic changes, and if histologic examination shows any evidence to 
that effect we class them as colloid glands. 

The lateral lobes are in general symmetrical and of uniform size, 
though slight variations are not infrequent. So also with the isthmus 
and pyramidal portion. The outer fibrous areolar capsule is thin and 
strips easily, leaving a slightly lobulated smooth surface. The capsule 
proper is thin and translucent, and thickened portions (trabeculae) 
extend into the gland, mark out the lobules, and support the blood and 
lymph vessels. The general color varies from a pale amber red to a 



* See Figure 1. 

5. The parathyroid glands have been examined in all autopsy specimens and 
it may be stated that we have found them remarkably constant in number and 
position when one considers their normal number (four) and their size. They 
usually partake of the color of the thyroid, i. e., are pale yellow in the lighter red 
and brown yellow in the darker red thyroids. We have seen no evidence suggest- 
ing that they react anatomically with the thyroid in its goitrous changes and we 
believe that they are quite independent structures. 

6. Miiller, L. R.: Beitr. z. path. Anat. u. allg. Path., 1896, xix, 127. 

7. Bozzi: Beitr. z. path. Anat. u allg. Path., 1895, xviii, 125. 

8. Ebner: Koelliker's Handbuch der Gewebelehre des Menschen. Leipzig, 
1899, iii, 316. 

9. White, Hale: Med. Chir. Tr., 1888, Ixxi, 181. 



In-ight amber red. On section the follicles can just be distinguished 
with the naked eye and vary greatly in diameter (0.3 to 0.5 mm.). They 
are filled with a clear amber-yellow viscid colloid. 

Microscopically the follicles are in general round or oval closed 
spaces of somewhat irregular size. They are lined with a single layer of 
flat cubical or, at most, cubical epithelium (high cubical or columnar 
types of epithelium always indicate hypertrophy). The cells are quite 
regular in size and in certain specimens the so-called "chief" and "col- 
loid" cells described by Langendorf" can be made out. These changes 
probably represent different secretory activities of the cells. The nuclei 
are small, basal, darkly staining and vesicular. The colloid lies in con- 
tact with the free border of the epithelial cells. It is homogeneous and 
stains deeply with cosin. The colloid of adjacent follicles may not stain 
with the same intensity, and colloid-like material is frequently to be 
seen in the lymphatic spaces — an observation usually taken as evidence 
that the Ijinphatics form the normal paths of exit for the colloid. ^'^ The 
blood and lymph vessels, though forming rich networks about the folli- 
cles, are not prominent, nor are the larger vessels of the trabeculse and 
capsule thick-walled and tortuous as in the colloid goiters. 

II. ACTIVE THYEOID HYPEKPLASIAS* 

There is no essential difference between the forms seen in human 
and those seen in dog, sheep, ox or pig thyroids. Pure types of hyper- 
plasia are, of course, less frequently observed in man. Detailed descrip- 
tions of these changes in the dog, sheep and ox have already appeared 
and it remains only to outline those occurring in the human thyroid. 
Active hyperplasias, being the first or primary phase of goiter formation, 
are most frequently observed in the goiter-developing epochs — namely, 
childhood, puberty and pregnancy — although a great many thyroids 
show active hyperplasia when there is no clinical evidence of thyroid 
abnormality. The classical and perhaps best known example of thy- 
roid hyperplasia in man occurs in exophthalmic goiter. 

In man, just as in the lower animals, one observes all degrees oc 
hyperplasia, from the very slightest changes from normal or colloid 
glands (hypertrophy) to the most marked epithelial proliferation 
(hyperplasia). 



10. Langendorf: Biol. Centralb., 1889-90, ix, 426. 
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As has been discussed at some length in other publications (Marine 
and Williams* and Marine and Lenhart^), it is necessary to recognize 
two series of hyperplasias — (1) normal (3), colloid. The normal series 
includes all oases of hyperplasia which are engrafted on normal glands 
and the colloid series of hyperplaisias include all cases in which the 
hyperplasias are engrafted on colloid glands. This secondary hyper- 
plasia (secondary in the sense that it is not the first time these glands 
have undergone active hyperplasia) is well recognized in human goiter, 
especially as the so-called "secondary exophthalmic goiter," and of late 
we have recognized that secondary hyperplasia occurs in colloid glands 
just as readily as primary hyperplasia occurs in normal glands, and as a 
result of the same causes, either with or without (usually without) the 
clinical signs of exophthalmic goiter. Since the conditions favorable to 
the development of colloid glands (variations in food, body nutrition, 
locality, etc.) more commonly affect man and dog, colloid glands and the 
several degrees of the colloid series of hyperplasias are more often seen 
in these animals. 

For convenience of description and of analysis we have divided the 
two series (normal and colloid) into subgroups, as follows: (1) Normal- 
early, early, early-moderate, moderate, moderate-marJced and marhed 
glandular hyperplasia; (2) colloid-early, colloid-early-moderate, colloid- 
moderate, colloid-moderate-marJced and colloid-marked. 

The early stages of hyperplasia are the most important, for the reason 
that the first change from the normal gland marks the first step in the 
formation of goiter, and it is now generally recognized that the primary 
phase of all true goiters is active hyperplasia (Virchow'). 

Tracing the process of hyperplasia, the first change noted in the thy- 
roid is an increased blood supply to the gland. The capsular vessels are 
dilated. They become tortuous. The capillaries surrounding the folli- 
cles are dilated and congested. The gland becomes larger and softer and 
takes on a brighter red color. Microscopically there is lessening of the 
stainable colloid; at first but palely staining, later vacuolization, and 
finally actual disappearance of the true colloid- — its place being taken by 
a glandular albuminous debris in which are seen leucocytes and shed 
epithelial cells. 

The flat-cubical or cubical epithelial cells of the normal or colloid 
glands at first become high cubical with larger and more vesicular nuclei ; 
later they become columnar, and finally high columnar. Then, as hyper- 
plasia takes place, infoldings and plications of the lining epithelium are 
formed. This process is apparently an attempt to increase the epithelial 
surface without undue general glandular enlargement. The connective- 



tissue framework of the capsule and trabeculse increases. This is at first 
probably only a compensatory process to support the great increase of 
epithelial elements and the increased blood supply. 

The now well-recognized and clear descriptions of the essential histo- 
logical changes in exophthalmic goiter, which have been developed by 
Bramwell,i2 Greenfield," Edmunds," Farner," Von Hansemann,^' 
HirschlafE," Mac Galium," Ewing," Lewis,^° Wilson,^! ^nd others, repre- 
sent the most familiar type of extensive active hyperplasia in man, but 
by no means the most frequent one, since identical histological changes 
are observed in the prenatal, puberty and pregnancy thyroid enlarge- 
ments. To sum 'up: The thyroid changes in all forms of active hyper- 
plasia are characterized by an increase in the blood supply and the lym- 
phatic drainage; a decrease in the stainable colloid; marked hyper- 
trophy and hyperplasia of the follicular epithelium; a variable increase 
in the stroma, and frequently deposits of lymphoid tissue here and there 
throughout the stroma. 

In addition to the necessity of establishing two series of hyperplasias 
• — normal and colloid, as above mentioned — and the ready explanation 
it affords in many histological pictures of hyperplasia, there is perhaps 
another factor that modifies our interpretation of hyperplasias which has 
not been sufficiently emphasized in the published descriptions. It is the 
occurrence of atrophic changes. This type of atrophy seems to differ 
from simple cell atrophy in that there is a marked disturbance in the 
nucleus-plasma relationship, and, as it has been observed only in glands 
with marked hyperplasia from subjects that during life showed clinical 
signs of myxedema or cretinism, its significance will be discussed along 
with these diseases. 

III. COLLOID GLANDS* 

The third great natural division of thyroid changes are the colloid 
glands (goiters). In our human series it will be noticed (see Tables 8 
and 1) that there are 35 colloid glands and 33 normal. This surprising 
proportion of colloid glands is due to two factors. First, in goitrous 
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20. Lewis : Surg., Gyn. and Obat., 1906, iii, 476. 

21. Wilson: Am. Jour. Med. Sc, 1908, cxxxvi, 851. 
* See Figure 7. 



districts hyperplasias are much more common than normal glands (the 
proportions of hyperplasia to normal in our normal series' collection 
being 53 to 3 for dogs, 14 to 19 for sheep, 6 to 18 for pigs, 20 to 17 for 
cattle and 33 to 23 for man) and all reverted hyperplasias are colloid 
glands (goiters). Second, we have called all glands colloid that show 
any evidence of having previously undergone active hyperplasia. Thus 
there are many glands that, as regards size, shape, color, consistency, 
colloid and histological appearance, would ordinarily be considered nor- 
mal. They are physiologically normal, but they show the marks of a 
previous hyperplasia, and for sake of strict anatomical analysis it is 
necessary to recognize these anatomical differences. 

Pure colloid glands (goiters) present no essential differences in any 
of the animals examined. They differ essentially from normal glands 
in all these animals only in size (though, as has Just been pointed out, 
they may be no larger than normal) and in showing the vestiges of pre- 
vious hyperplasia. These marks of previous hyperplasia, however, are 
well-defined and characteristic. Their prominence in any given speci- 
men depends on the degree and duration of hyperplasia and the length 
of time since the reversion occurred. These changes are to be found in 
the size and shape of the follicles, in the presence of sprig-like projec- 
tions into the follicles in the more recent involutions (reversions), in 
the blood and lymph vessels, and in the stroma and capsule. The epithe- 
lium is normal (flat cubical), the stroma is increased, although to this 
statement there are exceptions depending on the extent of the fibrosis 
occurring during the active hyperplasia and the extent of the absorption 
which normally occurs during the process of reversion. Thus we have 
seen markedly cretinoid pups' thyroids, in which the stroma was so 
increased that the scattered thyroid follicles gave the gland the appear- 
ance of the endometrium, so resolve in the course of a month following 
the administration of iodin as to have all the appearances of a pure 
colloid gland with normal stroma. Such cases illustrate how rapidly the 
body can adjust physiological defects. The thickened thyroid capsule 
is likewise the inheritance from the preceding hyperplasia and varies 
greatly in thickness in different specimens. The arterial walls are always 
thickened and histologically show an obliterating endarteritis similar to 
that seen in the involuting thymus or uterus. Calcification is very com- 
mon in these thickened walls, and even the veins may contain calcareous 
deposits in their walls. The most striking change in the veins and lym- 
phatic trunks is the great lessening in their caliber. This is associated 
with some thickening of their walls. The stainable colloid is normal in 
appearance and distribution in the follicles. The follicles are in general 
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much larger than in normal glands, but this depends on the degree of 
hyperplasia preceding the involution (reversion), and perhaps also on 
other as yet ill-defined factors, as, for example, the cause of reversion 
and the duration of the process. If only a hypertrophy has preceded the 
involution (reversion), then it is scarcely possible to distinguish such a 
gland from normal. We have met several glands of which we could 
neither convince ourselves that the structure was normal nor offer definite 
proof of a previous hyperplasia. These glands we have called "normal- 
colloid" and have separated them for analytic purposes. The sprig-like 
projections into the follicles are the remnants of the infoldings or plica- 
tions occurring during the preceding hyperplasia and there is evidence 
that these sprigs are slowly effaced in long-standing colloid glands 
(goiters) . 

■Only brief mention in the way of explanation of the other divisions 
of the classification can be made here, inasmuch as they are not pri- 
marily concerned in the production of goiter and will be discussed in a 
later publication. 

IV. ATROPHY 

Atrophy is a normal senile process. The thyroid is most active in 
youth, as is also goiter formation. True goiter rarely develops after 45 
years of age.^^ Simple atrophy also occurs in maliy of the chronic 
diseases, and is particularly associated with chronic pulmonary tubercu- 
losis. The special forms of atrophy leading to colloid glands, and con- 
sequent upon the hypertrophies and hyperplasias of puberty, menstrua- 
tion and pregnancy, are best considered involutions (reversions) . 

The form associated clinically with the symptom-complex of myxe- 
dema, first recognized by GulP^ and later carefully described by Ord^* 
and Hun and Prudden,^'' is of particular interest in that it is a form of 
atrophy occurring in spite of attempts at hyperplasia and is apparently 
the result of sustained thyroid stimulation without intervening periods 
of physiological rest. It is coming to be more recognized that this form 
of atrophy is practically always preceded by hyperplasia, with or with- 
out the symptom-complex of exophthalmic goiter. This change is seen 
particularly in cases of exophthalmic goiter that are passing over into 
myxedema. Briefly, the histological changes are as follows: The epi- 
thelial cells lose the regular and uniform type characteristic of the usual 
hyperplasia and become irregular in size and shape. There is desquama- 

22. Horsley: Brit. Med. Jour., 1892, i, 215. 
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24. Ord: Med.-Chir. Tr., London, 1878, Ixi, 57. 

25. Hun and Prudden: Am. Jour. Med. Sc, 1888, xcvi, 140. 
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tion and piling up of the epithelial cells in the vesicles. The nuclei are 
in general enlarged, hyperchromatic and irregular in size and shape. 
Nuclear figures are observed, but the new formation of cells is not suffi- 
cient to offset the cell degeneration and the vesicles become smaller. The 
surrounding fibrous tissue is relatively, perhaps absolutely, increased, 
and, as the vesicles are reduced in size, they are more and more widely 
separated. The interstitial cirrhosis, we believe, is secondary and conse- 
quent on the destruction of the epithelial elements. We have frequently 
observed the milder forms of this type of atrophy in exophthalmic goiter 
thyroids and feel sure that it is more common than the literature reports 
indicate. 

V. EEGENEKATION 

Except for normal replacing of cells as they die — a process which is 
continually going on in most glandular tissues — regeneration is a com- 
pensatory process and hence is more aptly considered a part of the general 
group of hyperplasias. Eegeneration occurs following partial destruction 
or removal of the thyroid, as has been amply shown for man and 
animals.^* 

The new-formed tissue may remain normal in structure, as occurs 
in young animals after partial removal with the administration of iodin, 
or it may take on the characteristics of true spontaneous hyperplasia, as 
in similar cases of partial removal without the administration of iodin. 
The two groups of "Eegeneration" and "Hyperplasia" are so nearly a 
part of each other that it is impossible to distinguish sharply between 
them. To say that regeneration stops when the thyroid tissue has 
attained its normal amount is not in accord with all the known facts. 
The normal gland shows considerable variation in different subjects and, 
besides, there are at least two factors concerned: the first is the actual 
number of cells necessary to perform the thyroid functions under favor- 
able conditions of nutrition and metabolism, and the second factor is the 
degree of cell proliferation which may occur in conditions of malnutrition 
or disturbed nutrition. Thus the statement sometimes made that com- 
pensatory regeneration does not exceed the normal size of the gland^^ 
is not in accord with our present knowledge, for the reason that the extent 
of the cell proliferation in the thyroid depends on the physiological 

26. Wagner: Wien. med. Bl., 1884, vii, 771. Schiflf: Arch, f, exper. Path. u. 
Pharmakol., 1884, xviii, 25. Halsted: Johns Hopkins •Hosp. Eep., 1896, i, 373. 
Welch: Med. Eee., New York, 1888, xxxiv, 368. Horsley: Brit. Med. Jour., 
1892, i, 215. Eibbert: Virchow's Arch. f. path. Anat., 1889, cxvii, 151. Sulzer: 
Ztschr. f. Chir., 1893, 191. 

27. MaeCallum, W. G. : The pathology of exophthalmic goiter. Jour. Am. Med. 
Assn., 1907, xlix. 1158. 
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requirements of the animal and this can be markedly influenced by diet, 
iodin, etc. 

VI. DEGENERATIONS 

Degenerations include calcareous, hyaline and amyloid changes and 
are never seen apart from other pathological processes, as hemorrhage, 
cyst formation, etc. These changes are very frequently seen in old col- 
loid goiters, but they are always secondary changes and are never essen- 
tial parts of the colloid transformation. Pure colloid goiters are not 
degenerative processes, as they have long been considered. They are more 
allied to the atrophies and are, properly speaking, involutions, since it is 
now definitely known that they obey all the known biological laws of 
normal glands (Marine and Lenhart^). 

VII. INFLAMMATIONS 

Apart from a general view that all goiter is inflammatory in nature, 
true inflammations as we regard them to-day are rare.^^ They may, how- 
ever, occur in the course of many of the infectious diseases, as lues, tuber- 
culosis, typhoid, influenza, etc. Inflammation has frequently followed 
injuries, as in the old treatment of goiter by iodin and iron injections.^' 

VIII. TUMOES 

The most frequent tumor of the thyroid is the fetal adenoma, as 
described by Billroth,^" Bloodgood,^^ and others. These are usually small, 
frequently multiple and may attain the size of one's fist. There are appar- 
ently several types or phases of these tumors, ranging from the type 
closely resembling fetal thyroid which gave rise to the name, to the well- 
differentiated colloid-containing form. Likewise these tumors are known 
to undergo (reversion) involution to the colloid or quiescent state, in 
which they can not be differentiated from ordinary colloid goiter except 
for the smaller size of the alveoli and their complete encapsulation. 

Aside from the above-described form one finds encapsulated adenoma- 
tous growths of well-differentiated thyroid tissue growing, in some 
instances, apparently independently of the rest of the thyroid gland and 
histologically resembling the well-differentiated cells of ordinary thyroid 
hyperplasia. Without any definite evidence, we are inclined to look on 
them as closely related to the fetal adenoma, being only a fully differen- 
tiated type. 
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Carcinoma of the thyroid is difficult of diagnosis microscopically. It 
has long been known that not infrequently one finds apparently benign 
types of thyroid txim:or in what are undoubtedly metastases, and also 
there are cases reported in which metastatic thyroid tissue has been found 
with no evidence of a primary growth in the thyroid. Thus it is prob- 
able that we have not recognized some of these tumors, but, on the other 
hand, it is probable that there are tumors reported as carcinoma that 
are not. In our experience, however, carcinoma of the thyroid in man 
is rare. It would appear to be in some way related to the frequency of 
goiter, and even associated with goiter itself. Pick,^^ working with the 
carcinoma of brook trout, was inclined to such a view. We have observed 
two types of thyroid carcinoma. One, histologically, closely resembles 
the fetal adenoma tissue and might be called malignant fetal adenoma. 
The other preserves the characteristics of differentiated thyroid tissue. 
Seven cases of carcinoma of the thyroid in old dogs have come to our 
notice. Three of the cases had lung metastases. In all there had been 
long-standing goiters. In none was there accompanying sarcoma, as has 
been reported by Sehone.^^ The epithelial changes were similar to those 
described by the above observer. 

We have seen one case of lymphangioendothelioma probably orig- 
inating in the thyroid, but no case of true sarcoma. 

IX. COMPLICATIONS 

Hemorrhage and its sequelae are the most frequent secondary changes 
in goiter. Hemorrhage occurs more commonly in the colloid phase. It 
is dependent on trauma and overdistention of the alveoli with subsequent 
rupture of their walls.^* Hemorrhages occur in all animals in which 
colloid glands are seen and their relative natural frequency probably is 
the same, although it seems more common in dogs. Trauma, as in fight- 
ing and sudden violent exertions causing venous engorgement, perhaps 
plays an important role in dogs. Cysts are the most important sequels 
of hemorrhages and we are inclined to believe with Bradley^^ that the 
great variety of cysts seen in the thyroid are probably primarily of hem- 
orrhagic origin. Occasionally small hemorrhages are seen in othervrise 
histologically normal glands. Hydatid cysts are occasionally reported. 

It seems clear from the preceding anatomical discussion that in the 
development of the true goiter only three groups are primarily involved — 
viz.: (1) normal glands, (3) hyperplasias, and (3) colloid glands. The 
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variety of secondary and complicating changes, as atrophy, degeneration, 
regeneration, cyst formation, etc., is almost infinite. Of the three great 
groups, normal glands are the most important to have firmly established, 
since they form the base to which all other changes must be referred for 
comparison. 

Active hyperplasias comprise a gradation from the nearly normal or 
colloid gland (true hypertrophy) to the extreme degrees of hyperplasia 
seen in exophthalmic goiter. The histological appearance of a given 
specimen, apart from the degree of hyperplasia and whatever secondary 
changes may be present, is modified by two important factors — viz: (1) 
the number of times the gland has returned to the colloid state (rever- 
sion), as, for example, in the case of repeated pregnancies when during 
each pregnancy there was active hyperplasia and during each interval 
there was a return to the colloid state; and (2) the length of time active 
h3'perplasia has continued without a period of rest. Thus, in the marked 
hyperplasias of exophthalmic goiter or of cretins,^^ we see apparent over- 
growth of fibrous tissue with very striking irregularities and disturbances 
in the nucleus-plasma relations of epithelial cells. These nucleus-plasma 
disturbances in cretin dogs are able to right themselves when iodin is 
administered, and in such glands one may then produce a regular, uni- 
form, compensatory hyperplasia by partial removal. Colloid glands are 
but exaggerations of all the structures of normal glands, depending on 
the degree of active hyperplasia preceding the involution (reversion). It 
is our belief that all colloid glands have been preceded by active hyper- 
plasia, and that passive dilatation of the alveoli due to continued secre- 
tory activity and obstruction to the lymphatic drainage is of secondary 
importance. Eupture of the alveoli and other secondary and compli- 
cating changes may occur. So also a colloid gland may undergo second- 
ary active hyperplasia differing essentially in no way from the primary 
form occurring in a normal gland. 

RELATION OF SEX AND AGE OF THE ANIMAL AND SIZE OF THE GLAND TO 
HISTOLOGIC STRUCTURE 

It is usually stated by anatomists that the normal human thyroid is 
larger in infants and children and in females than in later periods of 
life or in males — i. e., larger in relation to the body weight. Other than 
this, sex and age have no particular relation to normal glands. The 
normal gland at birth is well differentiated into colloid-containing vesi- 
cles in the sheep, dog, ox and man. As a class normal glands are thf 

36. McGarrison: Proc. Roy. Soc. Med., 1908, ii. No. 3, Med. Section, p. I. 
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smallest met. The average weights in our series were 2.08 gm. for dog?, 
12 gm. for oxen, 6.9 gm. for sheep, and 24 gm. for man.^^ 

Active hyperplasias in man are definitely associated with age and sex. 
Sex has no important relation to the hyperplasias in the dog, ox, sheep 
and pig. In man also sex is not a modifying factor in the hyperplasias 
of infancy and childhood. Starting with puberty, however, active hyper- 
plasia is more common in females. The clinical incidence is variously 
estimated^^ from 3 to 1 to 6 to 1. The actual or anatomical incidence 
in our series is modified hy the larger proportion of males in the autopsy 
material and the larger proportion of females in the surgical material; 
and also by the fact that any thyroids showing anatomical complications 
were not used. These factors make deductions worthless. The metabolic 
disturbances associated with the establishment of menstrual functions, 
with menstruation, with pregnancy and lactation, and with the meno- 
pause are particularly associated with goiter development. Nothing is 
known definitely regarding the physiological nature of the disturbances 
which stimulate the thyroid to hyperplasia at these particular periods. 

Age is a factor in the hyperplasias common to all animals. They are 
more frequently observed in the young, when the thyroid is normally 
fimctionally more active. This is particularly true of the lower animals. 
In man it is also true, but there are modifying factors not sufiBciently 
prominent in the lower animals, as, for example, the sexual cycle and the 
disturbances leading to exophthalmic goiter, which are particularly asso- 
ciated with goiter formation, and which modify the age limitations of 
human goiter. 

As regards the size of the glands, it may be stated that the size varies 
with the degree of hyperplasia. There are exceptions to this rule, espe- 
cially in man. These exceptions most likely depend on a more compli- 
cated etiology and life cycle in human goiters.. 

Colloid glands of the lower animals have no noteworthy relation to 
sex. Sex is also not a factor in human colloid glands before puberty. 
After puberty colloid glands are more common in females, for the reason 
that hyperplasias are more common. 

Age is a very important factor in colloid glands of all animals. They 
are always sequels of active hyperplasia and therefore occur at corre- 
spondingly later periods of life. The size of the colloid gland depends 
mainly on the degree of hyperplasia preceding the involution (reversion) . 
Other factors, as repeated hj^perplasia, medication and lymphatic obstrue- 
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tion inducing passive dilatation of the vesicleS; operate, to a less extent, 
to modify the size. Thus colloid glands may be no larger than normal 
glands, or they may attain the size of the largest goiters. 

Summing up, it is seen that age and sex bear no important relation 
to normal glands. In the hyperplasias age is of great importance, while 
sex is an important factor only in those hyperplasias in man occurring 
during and after puberty. In colloid glands age is also a very important 
facfor in all animals — while sex is important in the human forms occur- 
ring during and after puberty. 

As regards size, normal glands as a class are the smallest observed. 
In the hyperplasias the size depends on the degree of hyperplasia and 
in colloid glands the size as a rule depends on the degree of the preceding 
liyperplasia. Thus, while the size of the gland, the age and the sex of 
the animal are related to the gland structure and its variations, they can 
be considered as only secondary and accompanying factors to the funda- 
mental causes in the etiology of goiter. 

lODI'N DETERMINATION 

lodin determinations have been made on 161 different human thy- 
roids, of which 96 are used in the following 14 tables, where they have 
been classified according to their histology. The method used in deter- 
mining the iodin content is fully described in an earlier publication 
(Marine and Williams*) and has been used throughout without modi- 
fication. We have used several modifications of the method proposed 
from time to time, but all our observations by means of these modifica- 
tions and of controls in thirty-one cases have convinced us that the above 
method will not lead to erroneous conclusions if only the iodin content in 
relationship with the histological structures is considered. The method 
and the proposed modifications are not quantitatively accurate. 

The three natural anatomical groups — viz: (1) normal thyroids, (2) 
colloid thyroids, and (3) actively hyperplastic thyroids, with the arbi- 
trary subdivision of the latter group — are also the same as those pre- 
viously used and described. 

The anatomical standards being the same or as nearly the same as it 
was possible to make them, we have also brought forward the iodin 
determinations in dog, sheep, pig and ox thyroids for comparison. 

One important addition to the earlier recorded observations will be 
noted in that the human colloid series is nearly complete and the canine 
colloid series is sufficiently complete to parallel the normal series in these 
two animals and will be discussed with equal emphasis. 
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The reasons — anatomical, chemical (iodin) and biological — for estab- 
lishing a colloid series parallel with the normal series have already been 
set forth at some length (Marine and Lenhart^) and need not be reviewed 
here except to state that the only essential difference between normal and 
colloid glands is that colloid glands have at some time undergone active 
hyperplasia, while strictly normal glands have never undergone such 
hyperplasia. 

As above stated, 161 different human thyroids have been analyzed for 
iodin, of which 111 were autopsy specimens and 50 surgical specimens. 
Of these only 96, of which 77 were autopsy specimens and 19 surgical 
specimens, have been included in the tables of analysis. Of the 34 (30.6 
l>er cent.) autopsy specimens not used 11 were from children under two 
years ; 10 from old subjects showing histologically marked senile atrophy ; 
2 contained multiple small fetal adenomata; 3 showed marked atrophy 
with fibrosis associated with chronic pulmonary tuberculosis; 6 had, to 
our knowledge, been fed large amounts of iodin-containing compounds 
during the last few months of life; 1 showed marked simple atrophy 
without assignable cause (myxedema), and 1 specimen had been handled 
for demonstration purposes. Of the 31 (62 per cent.) surgical speci- 
mens not used, 11 had been previously treated with iodin containing 
compounds; 14 were discarded on account of old hemorrhagie-cystic- 
degenerative changes; 5 were discarded on account of fetal adenomata, 
and 1 for malignant tumor (endothelioma). 

The fact that 65 (40.4 per cent.) could not, for one or another rea- 
son above mentioned, be included in the tables clearly shows that no con- 
clusions can be drawn from a limited material even if this material be 
from autopsies with no clinical suspicion of thyroid disease. With sur- 
gical material this is especially true. Our percentage (38 per cent.) of 
uncomplicated surgical specimens is unusually high and is due to the 
presence of several uncomplicated cases of exophthalmic goiter. We have 
pointed this out specifically here because in all publications thus far 
recorded on the relation of iodin to human goiter the complicating fac- 
tors have not been taken into account. We also feel certain that a larger 
series than we have here recorded, whether autopsy or surgical, would 
modify the figures here given, particularly if the district from whence 
the glands were taken were goitrous, while, on the other hand, a smaller 
series would give more uniform results if seacoast glands were used. 

Pure types of histological changes only can be used, because, in the 
present state of our knowledge, we can not discount for the multiple 
anatomical complicating factors so common in the thyroid and which 
have already been alluded to. 
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Then, too, besides the anatomical complications, there are a great 
group of metabolic (physiological) changes producing effects on the 
structure or secretion of the gland either too slight or too temporary to 
be accurately ascertained or discounted. We refer to such conditions as 
variations depending on the seasons of the year,^*" on the sexual func- 
tions, on rest, on menstruation, on pregnancy, on climatic variations,*" 
on food variations, etc. 

Thus by eliminating all known untoward factors there are still pres- 
ent many uncertainties which can not be avoided at present and render 
conclusions from such data dangerous except those on the general rela- 
tion of iodin with the structure and physiology of the thyroid. 

The individual cases of the normal and colloid human series have been 
tabulated separately (Tables 15 and 16). It will be noticed that in only 
a few cases is the iodin content calculated for the fresh gland. This is 
due to the fact that the other specimens had been preserved in 10 per 
cent, formalin from one to seven days before being used. This factor, as 
Williams*^ has shown, makes little or no difference as regards the iodin 
content per gm. of dried gland. 

It was impossible to get actual weights of the thyroids in the fresh 
condition in most instances and we have only indicated roughly their 
size by the terms "normal," "slightly enlarged," "moderately enlarged" 
and "markedly enlarged." Thus thyroids from adults weighing between 
5iO-30 gm. we have called "normal," between 30 and 50 "slightly en- 
larged," between 50 and 100 "moderately enlarged," and over 100 gm. 
"markedly enlarged." 

Since the iodin content in relationship with the individual anatomical 
groupings has been discussed at length in earlier publications, they will 
here be discussed collectively in relationship with the basic anatomical 
groups — normals, colloids and the two series of hyperplasias. 

NOKMAL GLANDS * 

Normal glands have the highest mean and average iodin content per 
gram. This is true for all animals thus far examined. In our twenty- 
three human specimens the highest iodin content per gram of dried gland 
was 3,691 mgm. ; the lowest 1,307 mgm. The significance and explana- 
tion of this great variation in histologically normal glands becomes of 



39. Koch, F. C: Discussion on Hunt and Seidell's paper on commercial prepa- 
rations. Jour. Am. Med. Assn., 1908, li, 1389. 

40. Sawyer, J. P.: New York Med. Jour., 1907, Ixxxvi, 68. 

41. Marine, D., and Williams, W. W. : The relation of iodin to the structure of 
the thyroid gland. The Aechives Int. Med., 1908, i, 378. 

* See Tables 1 and 15. 
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greater importance when one notes that it is also seen .with the dog, 
sheep, ox and pig thyroids. Whether it indicates variations in the intake 
jr variations in the consumption within the organism, or both, is not 
clear. The evidence at present available indicates that the consumption 
of iodized protein in the body is the most constant. Thus it is known 
that the administration of very small amounts of iodin is followed by 
its rapid storage in the gland in all animals, the rapidity of the process 
depending on the degree of hyperplasia (therefore, on the lack of iodin). 
On the other hand, it is known that the withholding of iodin, as by a 
fresh meat diet,*^ causes a slow loss of iodin from the gland. That these 
variations (1.307-3.691 mgm.) are not due to accumulation of iodin, 
either by accident or to an effort to render inert the piosonous properties 
of iodin, is both true and false. Thus there are differences that depend 
purely on the accidental content of the food in iodin. It is also prob- 
ably true that the iodin, so long as it remains in the thyroid, is inert 
(to the host), because it represents merely the stored iodin, or the factor 
of safety. On the other hand, broadly interpreted, none of the iodin in 
the thyroid is inert or accidental, inasmuch as it is stored there for the 
purpose of later becoming available to the organism. All observers, from 
whatever angle they approach the question, have concluded that the iodin 
content determined the physiological activity of the protein (thyreoglob- 
ulin). Thus Eoos*^ observed that the increased nitrogen excretion 
induced by feeding thyreoglobulin depended on its iodin content. Hunt** 
has found that the protection offered to mice against acetonitrile poison- 
ing depends on the iodin content. We have shown the biological fact that 
if the iodin falls below a quite constant level the gland undergoes char- 
acteristic and constant histologic changes, while, if iodin is given, these 
changes either do not occur or, if they have started, they are arrested. 
As one of us*^ has previously indicated, we believe that the organism 
retains iodin in the same way that it retains iron and calcium, etc., and 
that the difference between the greatest amount of either iodin, iron or 
calcium and the least amount that may be found in the animal to be 
compatible with the maintenance of normal histological structure of the 
tissues immediately concerned with their storage and elaboration, repre- 
sents the excess of intake over consumption, or the true physiological 
factor of safety.*^ 



42. Baumann: Miinchen. med. Wchnschr., 1896, xliii, 309. 

43. Eoos: Ztschr. f. physiol. Chem., 1899, xxviii, 40. 

44. Hunt: The relation of iodin to the thyroid gland. Jour. Am. Med. Assn., 

1907, xlix, 1323. 

45. Johns Hopkins Hosp. Bull., 1907, xvlii, 359. 

46. Meltzer, S. J.: The Harvey Lectures, 1906-07. Lippincott, Philadelphia, 

1908, p. 139. 
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NORMAL SERIES— VARIOUS ANIMALS 
TABLE 1. — NOBMAL Glands • 





No. 


lodin 


Per Gm., 


Dried. 


lodln 


Per Gm., I 


rresli. 


Animal. 
Sheep . . . 


Cases. 
. 19 


E. 
4.614 

1.247 


M. 
2.288 


A. 
2.467 


E. 
1.318 

0.318 


M. 
0.694 


A. 
0.686 


Dog 


3 


4.722 
1.990 


3.205 


3.322 


1.064 
0.512 


0.757 


0.777 


Pig ...... 


. 18 


4.153 
1.538 


2.412 


2.515 


1.456 
0.425 


0.778 


0.884 


Ox 


. 17 


4.768 
2.730 


3.254 


3.461 


1.592 
0.892 


1.069 


1.117 


Man 


. 23 


3.691 
1.307 


2.153 


2.171 


0.451 
0.310 


0.403 


0.402 



♦ In this and the following tables, E stands foi- extreme, M for mean, and A for 
average. lodin figures are in mgm. 



TABLE 2. — Nobmal-Baelt Glandulae Htpeeplasia 



No. 
Animal. Cases. 



Sheep 



Dog 



Pig 



Ox 



Man 



lodi 


n Per Gm., 


, Dried. 


lodin 


Per Gm., 


Fresh. 


E. 


M. 


A. 
0.677 


E. 


M. 


A. 
0.176 


1.296 
0.483 


0.815 


0.879 
1.230 


0.318 
0.018 


0.153 


0.174 
0.337 


2.676 
2.000 


2.307 


2.317 


0.726 
0.482 


0.653 


0.628 


0.984 
0.615 


0.807 


0.803 


0.216 
0.196 




0.206 



TABLE 3. — Eaklt Glandulae Hypbeplasia 



Animal. 


No. 
Cases. 


lodin 

E. 


Per Gm., 
M. 


Dried. 

A. 


lodin 

E. 


Per Gm., 

M. 


Fresh. 

A. 


Sheep 
















Dog 


.. 9 


1.028 
0.243 


0.654 


0.625 


0.235 
0.063 


0.113 


0.139 


Pig 


.. 2 


1.158 
1.046 




1.102 


0.291 
0.279 




0.2S5 


Ox 


. 8 


2.186 
1.123 


1.630 


1.646 


0.615 
0.314 


0.456 


0.462 


Man 


. 5 


1.077 
0.738 


0,877 


0.895 









21 



No. 
Animal. Cases. 



TABLE 4. — Eaklt-Modeeate Glanddlae Htpeeplasia 
lodin Per Gm., Dried. 



Sheep 
Dog .. 
rig .. 



Ox 



Man 



E. 



0.846 
0.769 
1.030 
0.969 
0.738 
0.406 



M. A. 
0.548 

0.262 

0.769 0.795 

1.000 1.000 

0.554 0.566 



—lodin Per Gm., Fresh 
E. M. 



0.241 
0.198 
0.252 
0.205 



A. 
0.131 

0.082 



0.233 0.224 



0.222 0.226 



TABLE 5. MODEEATE Glanddlae Hipeeplasia 





No. 


lodin Per Gm., 


Dried. 


lodin Per Gm., 


Fresh. — . 


Animal. 


Cases. 


E. M. 


A. 


E. M. 


A. 


Sheep . . . . 


1 




0.400 




0.091 


Dog 


.. 9 


0.854 

0.345 
0.101 


0.368 


0.136 

0.076 
0.026 


0.078 


Pig 












Ox 












Man 


2 


0.807 
0.615 


0.711 







TABLE 6. — Modekate-Maeked Glandulae Htpeeplasia 





No. 


lodin 


Per Gm., 


, Dried. 


lo 


Animal. 


Cases. 


E. 
0.092 


M. 


A. 


E. 
0.014 


Sheep 


. 5 


0.000 
0.660 


0.024 


0.031 


0.000 
0.109 


Dog 

Pig 


.. 9 


0.058 


0.231 


0.283 


0.011 



Ox 



Man 



0.480 
0.332 



0.406 



lodin Per Gm., Fresh. - 
M. 



A. 



0.003 0.004 



0.042 0.055 
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TABLE 7. — Marked Glandulah Hyperplasia 



Animal. 


No. 
Cases. 


lodln 

E. 


Per Gm., 
M. 


Dried. 

A. 


lodin 

B. 


Per Gm., 

M. 


Fresh. 

A. 


Sheep . . . 


.. 6 


0.036 
0.000 


0.000 


0.006 


0.006 
0.000 


0.000 


0.001 


Dog 


.. 18 


0.640 
0.008 


0.073 


0.114 


0.123 
0.002 


0.014 


0.023 


Pig 
















Ox 


5 


0.270 
0.077 


0.215 


0.189 


0.062 
0.016 


0.042 


0.041 


Man 


7 


0.584 
0.118 


0.292 


0.323 


0.115 
0.060 


0.109 


0.095 



No. 
Animal. Cases. 



Sheep 



Dog 



Pig 2 

Ox 

Man 25 



COLLOID SERIES— VARIOUS ANIMALS 
TABLE 8. — Colloid Glands 



B. 
3.691 
1.769 
3.608 
0.846 
2.768 
1.938 



3.914 
0.784 



lodin Per Gm., Dried. 

M. A. 



3.529 



1.816 



1.709 



2.996 



1.985 



2.353 



1.996 



B. 
1.027 
0.455 
1.039 
0.132 
0.805 
0.557 



0.798 
0.304 



lodin Per Gm., Fresh. — 
M. A. 



0.974 



0.406 



0.479 



0.818 



0.459 



0.681 



0.515 



TABLE 9. — Colloid-Eahly Glandular Hyperplasia 



No. 
Animal. Cases. 

Sheep 4 

Dog 6 

Pig 

Ox 



Man 



lodin Per Gm., Dried. 

E. 

1.000 



0.461 
1.443 
0.431 



0.887 
0.461 



M. 
0.853 



0.953 



0.823 



A. 
0.792 



0.945 



0.777 



lodin I>er Gm., Fresh. 

E. M. A. 

0.282 

0.201 0.206 

0.138 



0.302 
0.125 



0.221 



0.217 



0.208 
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TABLE 10. — Colloid-Bakly-Modbeatb Glandular HrpERPLASiA 

lodin Per Gm., Dried. lodin Per Gm., Fresh.— 

M. A. E. M. A. 





No. 


lo 


Animal. 


Cases. 


E. 


Sheep . . . 






Dog 


2 


0.692 
0.560 


Pig 






Ox 






Man 


2 


0.600 
0.446 



0.167 

0.626 0.140 

0.114 



0.523 



TABLE 11. — CoLLOiD-MODEEATE Glandulab Hyperplasia 

No. lodin Per Gm., Dried. lodin Per Gm., Fresh.— 

Animal. Cases. E. M. A. E. M. A. 



Sheep . . . 
















Dog 


3 


0.554 
0.269 


0.446 


0.423 


0.099 
0.059 


0.098 


0.085 


Pig 
















Ox 
















Man 


7 


0.492 
0.184 


0.366 


0.355 


0.116 
0.064 




0.090 



TABLE 12. — Colloid-Moderate-Makked Glandtilae Hyperplasia 

No. lodin Per Gm., Dried. lodin Per Gm., Fresh. 

Animal. Cases. E. M. A. E. M. A. 

Sheep 

Dog 1 0.128 ..... 0.030 

Pig 

Ox 

Man 
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TABLE 13. — Colloid- Marked Glandulab Hyperplasia 





No. 


lodin Per Gm., Dried. 


lodin Per Gm.. 


Vvcih. 


Animal. 


Cases. 


E. M. A. 


E. M. 


A. 


Sheep . . . 










Dog 


1 


0.115 




0.022 


Pig 










Ox 










Man 




TABLE 14. — Noemal-Colloid 


Glands. 






No. 


lodin Per Gm., Dried. 


lodin Per Gm., 


Presli. 


Animal. 


Cases. 


E. M. A. 


E. M. 


A. 


Sheep . . . 










Dog 










Pig 










■Ox 










"Man . . ^.. . 


8 


3.230 

1.653 1.942 
1.100 







HYPERPLASTIC GLANDS 

The two series of hyperplastic glands, "normal" and "colloid," while 
separate and distinct anatomically, are alike chemically (iodin). That 
is, the iodin varies inversely with the degree of active hyperplasia, 
whether the hyperplasia occurs on the hasis of a normal or of a colloid 
gland. This is illustrated very clearly in the curves (Figs. 8 and 9) of 
the two series. Here it is seen that the general trend of the curve is 
the same for all the animals examined, and also for hoth the normal and 
the colloid series. There are twenty-three cases of active hyperplasia in 
the normal series and seventeen cases in the colloid seris. 

1. First taking up the hyperplasias of the normal series :* The most 
striking and perhaps the most important fact brought out is the great 



* See Tables 1, 7 and 15. 
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drop in the iodin content that occurs before histological changes are 
noticed. This is equally true of all the animals (see normal series'" 
curve, Fig. 8). Eeference to Table 15 shows that the lowest normal 
iodin content (l-,307 mgm.) is well above the highest iodin content 
(1.077 mgm.) of the hyperplasias. This is also true of all the ainmals. 
It indicates that there is a quite constant lower limit in the iodin con- 
tent necessary for the maintenance of normal gland structure and if 
the iodin falls below this limit, hypertrophic or hyperplastic changes 
begin. In our normal thyroid series the lowest iodin content per gram 
of dried gland associated with normal structure, and the highest iodin 
content associated with hyperplastic changes run as follows: For man, 
1.307 and 1.077; for the dog, 1.990 and 1.296; for the sheep, 1.247 and 
0.677; for the ox, 2.73^0 and 2.676, and for the pig, 1.538 and 1.158 mgm. 




Fig. 1. — Normal thyroid (human). From a male, white subject, aged 40, 
dead of aortic stenosis. Iodin per gram of dried thyroid in milligrams — 2,861. 
The sections represented in these illustrations were taken from the routine files 
of our human material. This material was hardened in 4 per cent, formalin. The 
sections were cut in celloidin and stained with hematoxylin and eosin. The mag- 
nification is the same in all, viz., Leitz, ocular IV, objective III ^= 95 diameters. 
Figures 1 to 4 represent the "Normal" or "Primary" series of hyperplasias. 

Just as the earliest histological variations from the normal are the most 
important in the anatomical study of goiter formation, so also are the 
earliest deviations from the lowest iodin content compatible with normal 
structure. As we have just seen, the iodin content of normal gland.i 
varies within extremely wide limits, so also does the iodin content of 
pure colloid glands. But, on the other hand, the lowest iodin content 
compatible with normal structure and the highest iodin content asso- 
ciated with the hyperplastic changes vary within extremely narrow limits, 
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and, further, these limits are practically the same for four out of the 
five animals studied. (Whj' the ox thyroids should show an exceptionally 
high lower limit of iodin compatible with normal g^and structure is not 
clear. In an earlier paper we have suggested it might he a biological 
[species] characteristic, inasmuch as these animals have relatively small 
thyroids.) It will be recalled that in the normal glands the highest 
amounts of iodin observed were also quite constant, being 4.614, 4.733, 
4.153, 4.768, and 3.691 mgm. per gram of dried gland, for sheep, dog, 
pig, ox and man respectively. This observation, when taken in connec- 
tion with the quite constant lower limit of iodin necessary for the main- 
tenance of normal structure, adds weight to the view first suggested by 
the iodin feeding experiments — viz., that there is a definite limit to the 
combining capacity of the protein for iodin, and that any excess of 
iodin beyond this is excreted. Such a view would accord with the fact 




Fig. 2. — Early glandular hyperplasia. From a male, white, healthy subject, 
aged 30, dead of fracture of the skull, from an accidental fall. Iodin per gram of 
dried thyroid in milligrams = 0.877. 

that iodin given to animals with glands in the stage of active hyper- 
plasia has an action like desiccated thyroid, in that it increases the nitrog- 
enous excretion and causes loss of body weight, while iodin not in the 
form of desiccated thyroid administered to dogs with histologically nor- 
mal or colloid glands does not produce these effects on metabolism. 

Passing to the other degree of hyperplasia it is seen that, instead of 
the great drop in the iodin content noted between "normal" and "normal- 
early" glands, the loss of iodin, while progressive, is more gradual and 
reaches its lowest point in the marked glandular hyperplasia group. This 
is true for all animals. Of the seven cases of marked glandular hyper- 
plasia six were from cases of exophthalmic goiter and one from a case 
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of pernicious anemia. This is important. In the first place, it shows 
that in this locality the goiters of the exophthalmic group constitute the 
most frequent types of pure marked glandular hyperplasia, although we 
have frequently seen nearly as marked types of hyperplasia without the 
clinical complex of exophthalmic goiter. It also indicates that these 
forms are less frequently treated with iodin-containing compounds than 
are the forms occurring in childhood, puberty, pregnancy, etc. 

2. The colloid series of hyperplasias (see Fig. 9 and Tables 8, 13 
and 16) is in general similar to that of the normal series. We have 
observed the complete series in the dog. Our human series is incom- 
plete, for the reason that complicating factors such as hemorrhages 
and scar formations, the result of previous hyperplasia, were present, 
and, having excluded such cases from the normal series, we had also 
to exclude them from this (colloid) series. The reason for exclusion 




Fig. 3. — Moderate glandular hyperplasia. From a male, white subject, aged 
31, dead of typhoid fever with intestinal perforation. lodin per gram of dried 
thyroid in milligrams = 0.615. 



was, in both series, the possibility of these complications modifying 
the findings. The general histological picture and the iodin contents 
of the colloid series are similar to those of the normal series. In the 
dog the normal and colloid series are parallel. In the human col- 
loid series, as in the normal series, the most striking feature is the great 
drop in the iodin content that occurs in pure colloid glands before hyper- 
plastic changes begin. Its physiological significance is the same and 
means that colloid glands are the nearest to normal that glands which 
have once undergone hyperplasia can become; also, that colloid glands 
react to the same stimuli as do normal glands. That the colloid series 
should show more irregularities than the normal series is to be expected. 
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First, the size of colloid glands is more variable, as compared with the 
quite constant size of the normal glands; therefore, the same total 
amount of iodin in glands of variable size would give quite variable 
iodin content per gram of dried gland. Most of the large glands, how- 
ever, were complicated by hemorrhage or degenerative changes and were 
not used. Second, the duration of the goiter, the presence of cysts, hem- 
orrhage or degenerations, interference with the normal lymphatic drain- 
age by pressure, fibrosis, etc., the effects of medications (a;-ray, etc.), 
all modify the iodin-containing capacity of the tissue and its physiolog- 
ical value to the organism. In consequence of the presence of these 
many factors it is noteworthy that the parallelism between colloid and 
normal glands in the human series should be so close. In the lower 
animals, where many of these modifying factors are absent, a still closer 
parallelism exists. 




Fig. 4. — Marked glandular hyperplasia. From a case of exophthalmic goiter 
in a female subject, aged 22, dead following operation. Iodin per gram of dried 
thyroid in milligrams = 0.292. 



COLLOID GLANDS * 

There were twenty-five human glands in the colloid group. The 
extremes of iodin content were 3.914 and 0.784 mgm. per gram of 
dried gland. These extremes are somewhat greater than those of normal 
glands. So also colloid glands of dogs show greater extremes (3.608 
and 0.846 mgm.) than the normal glands of dogs. This is to be expected, 
for the reason that colloid glands are of more variable size (usually 
larger) than are normal glands, and also for reasons indicative of a more 
complicated life-history, many of the factors of which are still unknown 



* See tables 8 and 16. 
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— e. g., the condition causing the hyperplasia, or the condition causing 
the involution (reversion). The mean and average iodin contents of 
colloid glands are but little below the mean and average of normal 
glands. This is probably accidental, for the reason that most of these 
cases are autopsy specimens, and many of them had received iodin med- 
ication. Eeference to Table 16 shows that the iodin content of the 
colloid glands can be raised to the same degree as that of normal glands. 
It is also seen that the iodin contents of colloid glands are the nearest 
approach to those of normal glands that one meets, a fact which supple- 
ments their anatomical similarity to normal glands. Thus, just as in 
the normal series, so in the colloid series, the greatest drop in iodin con- 
tent occurs between pure colloids and the first detectable hypertrophic or 
hyperplastic changes. With a single exception, clearly dependent on the 




Fig. 5. — Colloid-early glandular hyperplasia. From a female, aged 21, dead 
of eclampsia with Cesarean section. Iodin per gram of dried thyroid in milli- 
grams =^ 0.815. Figures 5 to 7 represent the "Colloid" or "Secondary" series of 
hyperplasias. (When this paper was sent to the publishers we had not obtained 
an uncomplicated specimen of colloid marked glandular hyperplasia. 



size of the gland, the lowest iodin content associated with a pure col- 
loid gland is above the highest iodin content associated with active hyper- 
plasia. In the case of colloid glands one can not say at what level of 
iodin per gram of gland hyperplastic changes would become manifest 
unless it is possible to work with glands more or less constant in size and 
free from complications. In our series as in our dog series it has been 
possible to work with colloid glands but slightly different from normal 
glands. With such a series it is easy to prove that colloid glands are 
similar to normal glands as regards their iodin contents. 
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NOKMAL-COLLOID GLANDS * 

1'his group of eight glands has heen separated for the reason that 
histologically we could not decide whether they were normal or colloid. 
If they had undergone hyperplasia it was exceedingly slight. On the 
other hand, the size of the glands, their stroma and the outline of the 
vesicles did not fit the usual picture of normal glands. The iodin con- 
tent closely resembles both normal and colloid glands as regards the 
extremes, mean and average. Ordinarily these glands would be consid- 
ered normal, and they are normal as regards any physiological or clinical 
significance. 

RELATION OF SEX, AGE, AND SIZE OF THE GLAND TO THE IODIN CONTENT; 
IODIN IN THYROID TUMORS 

We have not observed any difference in the iodin contents of thyroids 
referable to sex, either in man or in the lower animals. Slight difier- 
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Fig. 6. — Colloid-moderate glandular hyperplasia. From a male, while subject, 
aged 22; clinical diagnosis; exophthalmic goiter. Patient operated on; recovered. 
Iodin per gram of dried thyroid in milligrams =: 0.366. 

ences in the iodin content, if present, could not be detected by the pres- 
ent methods of examination, while slight differences in the weights of 
the glands are more easily detected. 

As regards age, Baumann*^ was the first to report differences. Since 
then all subsequent observers have confirmed his general conclusions, that 
iodin is lowest (in some cases absent) in infants' thyroids, gradually 
rises during the period of growth, continues more or less constant dur- 
ing the middle period of life (25 to 55 years), and finally falls slightly 



* See Table 14. 
47. Baumann: Milnchen. med. Wchnschr., 1896, xliii, 309. 
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in old age. As regards the presence of iodin in infants' thyroids, dif- 
ferent observers have reported different results. Thus Weiss*^ reports 
8 cases, the patients being from 24 days to 7% years of age, all of 
which showed traces of iodin. Baumann*' in 17 Freiburg cases, pa- 
tients from 1 day to 7 years of age, found iodin present in 12. In 5 cases 
from Hamburg, from 5 days to 1 year of age, it was present in all. Von 
Eotsitzky*" found iodin present in 6 of 8 cases, while Miwa and Stoltz- 
ner^° found iodin in all of the 6 cases examined. Oswald^^ also reports 
positive findings in all his cases. Jolin°^ found iodin present in 20 of 27 
cases examined. We have examined 10 subjects under one year of ago 
and found iodin present in all. The highest was 0.482 mgm. per gram 
of dried gland, the lowest (an infant 1 month old) 0.027 mgm. per 
gram of dried gland. We have not examined any human thyroids at 
birth. In puppies whose mothers have been fed iodin we have detected 




Fig. 7. — Colloid goiter. From a female subject, aged 19; case clinically diag- 
nosed as severe exophthalmic goiter ; patient had been treated for past six months 
by the internal administration of iodin; operated on, recovered. Iodin per gram 
of dried thyroid in milligrams =^ 4.614. 



it in glands at birth in all cases; while we have not detected any iodin 
in the thyroids of puppies whose mothers had not been fed iodin during 
pregnancy. Nagel and Eoos'^ have recorded similar observations. Hunt 
and SeidelP* from the results of their examinations and experiments 



48. Weiss: Miinchen. med. Wchnschr., 1897, xliv, 6. 

49. Von Eotsitzky: Wien. klin. Wchnschr., 1897, x, 823. 

50. Miwa and Stoltzner: .Jahrb. f. Kinderh., 1897, xlv, 871. 

51. Oswald: Ztschr. f. physiol. Chem., 1807, xxiii, 265. 

52. Jolin: Festschr. f. 0. Hammersten, 1906. 

53. Nagel and Roos: Arch. f. Anat. u. Physiol. Supplementary Volume, 1902, 
. 267. 

54. Hunt and Seidell: Bull. 47, P. H. and M.-H. S., 1909, p. 49. 
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favor the view that iodin is not uncommonly absent at birth and that 
the protection which such thyroids offer to mice against acetonitrile poi- 
soning may be due to some other constituent of the protein. From the 
above references of recorded observations it is seen that iodin to the 
extent of mere traces has been found in most cases. However, findings 
negative to the tests at present in use, do not mean that iodin was alto- 
gether absent, and before it can be said that iodin is normally absent 
at birth more accurate methods of iodin determination must be devised. 
There is no doubt that iodin may be absent (undetectable) at birth, for 
the same reasons that it is in older animals (hyperplasia, cretinism). 

In old age there is a slight decrease of iodin, associated with and per- 
haps parallel with senile atrophy. Thus, in our series, there were seven 
(not included in the tables) normal senile glands. The highest iodin 
content was 1.584 mgm., the lowest 1 mgm., and the average 1.299 
mgm. per gram of dried gland, as compared with 3.691, 1.307, and 2.171 
mgm. respectively for uncomplicated histologically normal glands. In 
conclusion it may be stated that, while age bears a quite constant rela- 
tion to the iodin content, it is one of the least important factors influ- 
encing the iodin content. 

The relation of the total iodin to the size of the thyroid, when taken 
by itself, has little value. This relationship has been the subject of many 
controversies between those who sought to show that iodin was related to 
goiter formation and those who sought to show that iodin was merely 
accidental. All workers have agreed that in general goiters tend to con- 
tain less iodin than normal glands. To this there are many exceptions, 
however. These exceptions could probably be explained, as we have pre- 
viously pointed out, by comparing the histological structures with the 
iodin contents. We have made such comparisons in the sheep, dog and 
man, and have found that, as a rule, colloid goiters have more iodin 
(total) than have normal glands, while active hyperplasias for all the 
animals examined have much smaller total iodin contents than normal 
glands.''" Therefore, any discussion of the relation of iodin to the size 
of the glands is useless unless it is based on the more important factor 
of histologic structure. In general it may be stated that all actively 
hyperplastic glands have a smaller total iodin content than normal 
glands; and that the total iodin varies inversely with the degree of 
glandular hyperplasia. On the other hand, all pure colloid glands usually 
have more iodin than the minimal normal content (though, as a rule, 
per gram of dried gland, colloid glands have less iodin than normal 
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glands). The total amount of iodin that a gland may contain obviously 
depends on its size, the accidental circumstances of food, medication, 
locality, etc. Oswald,^'' and all subsequent observers, have shown that 
the colloid of colloid glands (goiters) may contain as high a percentage 
of iodin as the colloid of normal glands, and that such colloid has the 
same physiological activity as colloid from normal glands. 

The presence of iodin in thyroid tumors is also of interest and may 
be referred to at this time. It is the rule to find iodin in fetal adenoma. 
We have examined nine such tumors and have found iodin in eight. 
The highest iodin content was 0.593 mgm. per gram of dried tumor, 
while the average content of the eight cases was 0.174 mgm. The speci- 
men in which no iodin was demonstrable was removed at operation, 
together with some of the surrounding original thyroid tissue, which 
histologically was pure colloid gland (goiter) and contained 1.933 mgm. 
of iodin per gram of dried gland. The tumor had the usual character- 
istics of fetal adenoma. It was a round, encapsulated, soft, grayish, 
cellular mass of tissue 4 by 4 cm., and histologically was composed of 
uniform, small, undistended alveoli lined with cubical epithelium. In 
these benign tumors the iodin content varies with the structure just as 
in the simple hyperplasias, being lowest in the very cellular actively 
growing tumors and highest in those that have undergone involution 
(reversion) to the colloid state. We have examined metastases from two 
cases of thyroid carcinoma in dogs, but found no iodin. 

SUMMARY AND DISCUSSION 

When all the glands are arranged according to their histological 
structures with normal or colloid glands at one end and the marked 
hyperplasias at the other, as in the full tables (Nos. 15 and 16), it is 
seen that the normal and colloid glands have the highest and the marked 
hyperplasias the lowest iodin contents. This is true for all the animals 
examined. It also shows that the iodin varies with the amount of stain- 
able colloid; inversely with the size of the glands (in hyperplasias) and 
inversely with the degree of active hyperplasia. These relations were 
earlier shown to be true of dog, sheep, ox and pig thyroids. Such con- 
stant relations of iodin to the gland structure can not be accidental 
when taken in connection with other established facts. Thus Eoos** has 
shown that the physiological action of desiccated thyroid (as ascer- 
tained by the nitrogen excretion) varies directly with the amount of 
iodin in organic combination. Oswald"^ repeated this work, using thyreo- 
globulin from normal and from goitrous glands with the same results. 
He also showed that the action of thyreoglobulin of goitrous glands was 
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not different (qualitatively) from that of normal thyreoglobulin. Hunt 
and Seidell'* iave obtained similar results with the aeetonitrile indi- 
cator. Although at first disputed, it is now abundantly confirmed that 
the beneficial effect, clinically, of desiccated thyroid on goiter is parallel 
with its iodin content. We have shown'" that the administration of 
iodin to animals with active hyperplasia has the same pharmacological 
effect that desiccated thyroid has on normal animals. Further, it has 
been shown that feeding any iodin-containing compound very quickly 
(in three or four weeks) causes hyperplastic glands to revert, and that 
this change is associated with the rapid accumulation of iodin in the 
gland. It is of little or no consequence whether the hyperplasia occurs in 
man or animals, or whether it is associated clinically with myxedema 
(cretinism) or with exophthalmic goiter. So also it has been pointed 
out that iodin prevents the occurrence of fetal thyroid hyperplasia in 
puppies whose mothers have had most of their thyroids removed. Also 
it has been shown that iodin will prevent the compensatory hyperplasia 
following partial removal of the thyroid. In the presence of sufficient 
doses of iodin all true hyperplasia is prevented. Such evidence, it seems 
to us, is the highest or biological proof that iodin is an active, perhaps 
the most active, constituent of the thyroid secretion. Eecent observa- 
tions by Passin'^ and Marbe'* indicate that iodin markedly raises the 
alexic (opsonic) activity of the blood serum. This is perhaps of great 
interest in that it may tend to explain why iodin benefits certain chronic 
inflammatory processes, and also why cretinoid animals manifest very 
low resistance to infectious agents. All of these facts show that during 
the active growth of the goiter there is a deficiency of iodin in the thy- 
roid. This general observation recalls to mind the extensive chemical 
analyses that were made by Prevost and Maffoni,'* by Niepce,°° by 
Marchand"^ (quoted by St. Lager), and, more particularly, by Chatin,"^ 
and their conclusion that goiter was due to lack of iodin. They attrib- 
uted the deficiency to a lack of iodin in the water and air,' pointing out 
that along the seacoast, and in localities where iodin was present in rela- 
tively large quantities, goiter did not frequently occur. Their methods 
of chemical analysis were faulty, and their conclusion was easily over- 
thrown by the extensive examinations of water, air and soil that fol- 
lowed. It seems now firmly established that there is an actual deficiency 
of iodin in the thyroid during the stage of active hyperplasia. On the 
other hand, the vast collections of statistical evidence on the iodin con- 
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tent of waters and foods, as well as the occurrence of goiter in some and 
not in other members of groups of men living under the same conditions 
of food and water, as in schools, barracks, garrisons, etc., would leave 
little doubt that the deficiency of iodin was not commonly due to a lack 
of iodin intake. Therefore, it would seem that some other agents or 
factors were operating in these cases. As is well known, many, indeed 
almost all the ordinary mineral substances, infectious agents, etc., have 
from time to time been accused. The infectious origin has been sup- 
ported by Yirchow, Bircher, Kocher, Hirsch and others, and reached its 
greatest popularity during the early period of bacteriological investi- 
gation (1850-85). Since SchifE, Wagner and Halsted^" first established 
the fact that compensatory hyperplasia normally followed removal of 
the gland, and that this hyperplasia was in no way different from the 
changes in developing goiters, the infectious theory has been declining, 
while the nutritional or metabolic view has been gaining. To be sure, 
changing the water-supply and boiling the water have been associated 
with a decrease of goiter. But this could scarcely be any greater argu- 
ment for an infectious origin of goiter than for a metabolic (chemical) 
one. But, whatever the ultimate causal factor is shown to be, it is cer- 
tain that there is a deficiency of iodin in the gland, and that this defi- 
ciency of iodin in the gland is not usually due to a lack of iodin intake, 
but is dependent on a lack of absorption or assimilation of iodin. And it 
is our belief that one or more chemical substances will be found which 
are antagonistic to or inhibit the normal absorption or assimilation of 
iodin. 

RELATION- OF IODIN CONTENT AND HISTOLOGICAL STRUCTURE TO DISEASK 
PROCESSES IN GENERAL 

Any discussion of the relation of the thyroid to disease processes 
must take account of both the histological structure and the iodin con- 
tent of the thyroid, since these two factors have the following constant 
relation : The iodin content varies inversely with the degree of active 
hyperplasia. Is this relation merely accidental or is it one of cause and 
effect? Sufficient data are now available to prove that this relation is 
not accidental. These data may be summarized as follows: 

1. Partial removal of the thyroid is normally followed by compensa- 
tory hyperplasia of the remaining portion. The extent of the resulting 
hyperplasia is known to depend on the age of the animal, the amount of 
gland removed and the quality of the food. Horsley,"^ Halsted,^^ Ma- 
rine,* Marine and Williams.* 
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2. Withholding iodin increases the extent of the hyperplasia follow- 
ing partial removal (Marine*), and also causes hyperplasia without par- 
tial removal (Baumann*^, "). 

3. The administration of iodin canses active hyperplasias of all ani- 
mals to revert to the colloid state; prevents the occurrence of active 
hyperplasia following partial removal of glands which otherwise would 
undergo hyperplasia. 

4. The administration of iodin prevents hyperplasia of the thyroids 
of puppies from bitches in which three-fourths of the gland has been 
removed. 

5. Normal thyroids of all the animals examined have the highest 
and marked hyperplasias the lowest iodin contents. 

6. The administration of iodin-containing compounds to the animal 
in any form and by any method is rapidly followed by its storage in the 
thyroid in quantities that bear no relation to the iodin content of the 
other tissues. 

7. The rapidity of accumulation and the amount of iodin thus taken 
up by the thyroid depend on its size and the degree of active hyper- 
plasia. 

8. The physiological activity, as determined by the nitrogen excretion 
(Eoos,''^), by the loss of body weight (Marine and Lenhart^,°°), and by 
the acetonitrile reaction (Hunt,** Hunt and Seidell"), depends princi- 
pally on the amount of iodin in organic combination. 

9. It has been shown (Marine and Williams,* Marine and Len- 
hart^ °^) that in dog, sheep, pig, ox and human thyroids there is a 
quite constant minimum percentage of iodin necessary for the main- 
tenance of normal gland structure. 

While practically nothing is known of the causes leading to the iodin 
deficiency in the animal, the above facts, beyond doubt, show that the 
increased growth and divisional activity of the thyroid cells are inti- 
mately associated with a decrease of iodin, and that the increased iodin 
content is similarly associated with a decreased growth and divisional 
activity of the thyroid cells. On this basis one would expect to find 
thyroid changes resulting from any cause which diminished the intake 
or assimilation of, or increased the body demands for iodin, and that, 
therefore, all thyroid changes would be compensatory in nature and 
secondary to more fundamental causes, perhaps nutritional in nature. 
Also we would expect to find active hyperplasia (goiter) always pre- 
ceded and accompanied by other systemic disturbances, especially those 
of a nutritional nature. There are other views regarding the nature of 
thyroid hyperplasia. Thus it is looked on by many as an infectious 
process in which some specific organism plays a primary rSle. The argu- 
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ments for this view are of the same nature as those advanced in support 
of the mierobic etiology of cancer. They need not be discussed here. 

Another view, advanced by Gauthier^^ and Moebius/* is that cer- 
tain types, at least, of thyroid hyperplasia are primary processes. This 
view is particularly applied to exophthalmic goiter, and implies that the 
thyroid changes are idiopathic and spontaneous, and that the thyroid 
abnormality by means of a hypersecretion or perverted secretion causes 
the disease. Without going further into the almost countless theories 
regarding the nature of the thyroid reaction, most of which have only 
an historical interest, it may be said that the three views above men- 
tioned are the only active ones at present and may be summarized as 
follows: 1. Active hyperplasia is a compensatory and secondary reac- 
tion to a disturbance of nutrition. 2. It is the result of a specific infec- 
tious agent. 3. It is a primary thyroid disturbance. 

A great variety of diseases are associated with or accompanied by 
noticeable thyroid changes. Thus rickets, lymphatism, chlorosis, cre- 
tinoid states and osteomalacia ( ?) are practically always associated with 
anatomical changes in the thyroid. Many of the prolonged infectious 
diseases, as lues, typhoid fever, influenza, acute articular rheumatism 
and tuberculosis, are frequently associated with or followed by thyroid 
hyperplasia. In individuals with adenoids and enlarged tonsils (lym- 
phatism) (?), in abnormally fat children and in adiposis dolorosa,"' the 
association is not infrequent. In conditions in which mental and nerv- 
ous fatigue have lasted for prolonged periods of time, as in neuras- 
thenia, and in prolonged mental states produced by worry, shock, anx- 
iety, overwork, etc., thyroid changes are frequently observed. Also 
there is a particular association of thyroid changes with the systemic 
changes taking place at puberty; with the menstrual function; with 
pregnancy and lactation, and with the menopause. Lastly, thyroid 
changes are perhaps most frequently seen in the poorly fed and poorly 
nourished young (puppies, lambs, calves and children) . 

While all the groups of disease processes above enumerated have long 
been associated with thyroid changes, by some writers as cause and 
effect, by others as accidental, it is clear that they represent only a por- 
tion of the factors or agents capable of instituting conditions of nutri- 
tion favorable for the development of thyroid hyperplasia. Thus, while 
thyroid hyperplasia (goiter) may occur anywhere, it is particularly asso- 
ciated with certain localities. Thus far nothing specific in the geology, 
climate, food or otherwise has been found to account for this increased 
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Fig. 8. — Curves compiled from the average iodin contents per gram of dried 
gland of the normal series of hyperplasias. The solid line represents the curve 
for the ox, the dotted line the curve for the dog, the line composed of short and 
long dashes the curve for the sheep, the line with short dashes the curve for man, 
and the line composed of long dashes and circles the curve for the pig. 
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Fig. 9. — Curves compiled from the average iodin contents per gram of dried 
gland of the colloid series of hyperplasias in man, the dog and the pig, repre- 
sented, respectively, by lines of the same character as in Figure 8. 



TABLE 16.— COLLOID SERIES— MAN 



Series 



H-263.... 

H.356. .. 

H-264. . . 

H-369. . . 

H-274. . . 

H-301. . . 

H-230. . . 

H-268. ... 

H-365. ... 

H-231. ... 

H-2.35. . . . 

H-247. . . . 

H-277. . . . 

H-148. . . . 

H-282. . . . 

H-341. ... 

H-284. . . . 

H-285. ... 

H-262. . . . 

H-266. . . 

H-257. ... 

H-212. . . . 

H-309. . . . 

H-317. . . . 

H-252. .. 

H-250. . . . 

H-228. . . . 
f 

H-220. . . . 
H-326. . . . 
H-330*. . . 
H-348a. .. 
H-3J2 ... 
H-23St. . . 
H-229. . . 
H-314. . . . 
H-362. ... 
H-275. . . . 
H-294. . . . 
H-225. ... 
H-245. . . . 
H-299. . . . 
H227. ... 



M. 

M. 

F. 

M. 

M. 

M. 

F. 

F. 

F. 

M. 

F. 

M. 

F. 

F. 

M. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

M. 

M. 

M. 

M. 

M. 

M. 

F. 

F. 

F. 

M. 

M. 

F. 

M. 

M. 

M. 

F. 

M. 

M. 

M. 

M. 



Anatomical 
or Clinical 
Diagnosis. 



Rachitic dwarf; em- 
pyema. 
Colloid goiter 



Exophthalmic goiter, 

Cerebral hemorrhage. 

Chronic interstitial 

nephritis. 
Senility; pneumonia, 



Size of 
Gland. 



Colloid goiter 

Colloid goiter 

Carcinoma of ovary. . . 

Hemorrhage into me^ 

dulla oblongata. 
Eclampsia 



Septicemia 

Prostatic hypertrO' 
pty. . . 

Carcinoma of jeju 
num. 

Tuberculous periton- 
itis. 

Pulmonary embolism. 

Exophthalmic goiter. 



Cyst of thyroid 

Exophthalmic goiter. 

Cerebral hemorrhage. 

Generalized tubercu- 
losis. 
Acute endocarditis, 

Multiple fractures ; 

sepsis. 
Fracture of skull.. . 



Lobar pneumonia. 

Cirrhosis of liver ; 

luetic. 
Pyosalpynx ; general 

peritonitis. 
Cystic colloid goiter. 

Ulcer of stomachC?) . 

Fracture of skull. . . . 

Carcinoma of bladder 

(urinary). 
Pernicious anemia... 

Chronic interstitial 
ne:^hritis. 

Carcinoma of urinary 
bladder. 

Ectopic _ gestation ; 
peritonitis. 

Cardiac disease; 
chronic nephritis. 

Carcinoma of pros- 
tate. 

Chronic interstitial 
nephritis. 

Lobar pneumonia 



Mod erately 
enlarged. 

Moderately 
enlarged. 

Moderately 
enlarged. 

Moderately 
enlarged. 

Mod erately 
enlarged. 

Slightly en- 
larged. 

Slightly en- 
larged. 

Marked en- 
largement. 

Marked en- 
largement. 

Marked en- 
largement. 

Moderate en- 
largement. 

Normal. 



Moderate en- 
largement. 

Slightly en- 
larged. 

Slightly en- 
larged. 

Moderate en- 
largement. 

Moderate en- 
largement. 

Markedly en- 
larged. 



Visible 
Colloid. 



Small.. 

Slightly en- 
larged. 

Marked en- 
largment. 

Normal. 



Small... 

Normal. 

? 



Slightly en 
larged. 



Small 

Slightly en- 
larged. 

Slightly en- 
larged. 

Small 



Normal 

Moderate en- 
largement, 

Moderate en- 
largement. 

Slightly en- 
larged. 

Normal 



Slightly en- 
larged. 

Slightly en- 
larged . 



Visible.... 
Visible... . 
Visible — 
Visible.... 
Visible.... 

Visible 

Visible 

Visible 

Visible.... 

Visible 

Normal.. . 
Normal.. . 
Visible.. . 

Visible 

Visible.... 
Visible...., 

Visible 

Abundant, 
Abundant 
Abundant 
Abundant 
Abundant, 
Visible...., 

Normal 

Abundant . 
Abundant, 

Normal 

Normal 

Abundant. 

Normal 

Abundant 

Normal 

Abundant. 
Abundant. 
Normal.. .. 
Abundant. 
Abundant, 
Abundant. 
Abundant . 
Normal.,.. 
Abundant. 
Abundant. 



Its 
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« a 



mgm, 
184 

0.261 

0.338 

0. 

0.384 

8.461 

0.492 

0.446 

0.600 

0.595 

0.615 

0. 

0.815 

0.831 

0.846 

0.861 

0.887 

0.784 

0.828 

0.984 

1.215 

1.276 
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1.507 
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1.538 

1.540 

1.1 

1.769 

1.922 

1.922 

1.922 

1.970 

2. 307 

2.615 

2.861 

2.922 

3.153 

3.507 

3.691 

3.914 






0.064 



0.116 



0.208 



0.345 



0.331 



0.614 



0.701 



0.798 



' Negress. 



■ Healthy young adult. 
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frequency. We believe, however, that some agency or factor will be 
found in these districts that operates to produce hyperplasia by inter- 
ference with the normal chemical processes of the body. 

As was first pointed out by Hale White,® if one examines any large 
series of human thyroids he will find a considerable number showing 
hyperplastic changes in cases in which the subjects during life showed 
no symptoms known to be associated with thyroid disease. His observa- 
tions have been abundantly confirmed, not only for man, but for the 
lower animals as well. Indeed, it is most striking in carnivora. Thus 
90 per cent, of the dogs in this district have active thyroid hyperplasia, 
and yet, so far as we are at present able to detect clinically, most of 
these dogs are normal. This does not mean, however, that such animals 
have no symptoms directly associated or parallel with the thyroid 
changes. For we know that after these changes have reached a certain 
degree all animals show clinical manifestations. It rather indicates that 
the thyroid is extremely sensitive to stimuli and that the sjTnptoms pro- 
duced in most cases are below the present level of clinical detectability. 
In man the greater proportion of thyroids showing histological changes 
toward goiter formation are not associated with detectable clinical mani- 
festations. Most of these milder degrees of thyroid changes spontane- 
ously right themselves when the underlying or accompanying disease 
disappears, as, for example, the hyperplasia associated with influenza, or 
typhoid, or pregnancy, etc., rarely comes to clinical notice. Thus it is 
that all autopsy series show such a great proportion of thyroid changes 
without detectable clinical manifestations. 

Thus far we have been discussing thyroid changes only, but it must 
not be overlooked that these changes are as a rule associated with other 
tissue reactions. The lymphoid tissues and bone marrow are very fre- 
quently hypertrophied as well. This association may be present in all 
the clinical forms of goiter, including cretinism. It is most frequently 
noticed, however, in exophthalmic goiter and in cretinism. This very 
common association with exophthalmic goiter was first recorded by Mark- 
ham^" and is now recognized as a constant accompanying condition in 
all the severe cases. There are differences of opinion as to the signifi- 
cance of these changes, particularly in exophthalmic goiter. Thus, Boit"' 
and Capelle*^ regard the condition as lymphatism associated with exoph- 
thalmic goiter. Hansemann,^" Hirschlaff^^ and others think that the 



66. Markham: Tr. Path. Soc, London, 1858, ix, 163. 

67. Boit: Frank! Ztschr. f. Path., 1907, i, 187. 

68. Capelle: Beitr. z. klin. Chir., 1908, Ivlii, 353. 
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thymic enlargement is due to thyroid toxins. Hart"" thinks that the 
tliymus toxins start the thyroid changes. Last, there is the view sup- 
ported by Marie/" Hektoen," Marine* and T. Kocher'^ and others, that 
these changes are a part of the disease. Whether the association is 
merely coincident or is dependent on some other as yet unknown nutri- 
tional disturbance is not determined. The present knowledge would indi- 
cate a very close relationship between goiter and lymphoid hyperplasia 
and, since lymphoid hyperplasia is also common in rickets, chlorosis and 
lymphatism, it would indicate that if these diseases, in common with 
goiter, have specific causal agents, these agents are all frequently active 
at the same time and in the same individual. 

Finally the question arises : Are the thyroid changes associated with 
the diseases above enumerated identical as regards their anatomy, their 
chemistry and their biological reactions ? So far as we are able to detect 
these changes, they are identical. In all there is the lowering of the 
iodin inversely with the degree of hyperplasia. The histological picture 
is identical in all, and they react alike to iodin-containing compounds. 
The changes in exophthalmic goiter are considered by many to be sep- 
arate and distinct, and will be discussed separately. 

To sum up : It is seen that active hyperplasia accompanies and fol- 
lows a great variety of clinical diseases: that it is far more commonly 
and easily detected anatomically than clinically; that with whatever 
disease associated, the anatomical changes are the same; the iodin con- 
tent varies in the same way in all, and they all react alike to iodin-con- 
taining compounds; that changes in the lymphoid tissues are frequently 
observed along with goiter, and also with other diseases with which goiter 
is frequently associated. On this evidence we conclude that the thyroid 
changes are not specific or primary, but are only the result of stimuli, 
constant perhaps, arising in the course of many nutritional disturbances 
(diseases). 

EELATION 0¥ THE IODIN CONTENT AND THE HISTOLOGICAL STRUCTURE TO 
EXOPHTHALMIC GOITER'' 

It is concerning the recognition and the separation of the essential 
from the accidental findings in exophthalmic goiter that the difficulties 
and controversies have arisen. This is true of both the clinical and the 



69. Hart: Munchen. med. Wchnschr., 1908, Iv, 668. 
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ferring the term "exophthalmic goiter," though an objectionable one, to such des- 
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laboratory observations. The amazing quantity of literature that has 
accumulated about this disease in the past twenty-five years clearly indi- 
cates that neither clinical studies alone nor anatomical studies alone, 
nor the combination of these alone, will accurately define what should 
be included under the term exophthalmic goiter. 

This disease is associated with and in all probability depends pri- 
marily on nutritional disturbances, the nature of which is not deter- 
mined, and it is not even known whether they are fundamentally the 
same in all cases. The anatomical changes, the iodin relations and the 
general phenomena of the disease will be discussed in the order named. 
The views as to the relation of the anatomical changes may be grouped 
under three headings: (1) the view that the thyroid changes are con- 
stant and specific; (3) that the anatomical changes have no particular 
relationship to the disease; (3) that the anatomical changes (hyper- 
plasia), while constantly present at some stage in all cases, are also pres- 
ent at some stage in all true goiters. 

The view that the thyroid changes (hyperplasia) in exophthalmic 
goiter are constant and specific had been supported by Greenfield,^^ Far- 
ner,== Bramwell," Hamig, '* MacCallum,^^ Lewis,^" Ewing," Wilson" 
and others. 

The view that there is no particular relationship between the anatom- 
ical changes and the disease has been supported by Virchow,''^, Eenaut 
and Brissaud,'^ Eeinbach,'' A. Kocher^' and many others. These are 
the extremes. Neither view fully accords with the facts. On the one 
hand, the hyperplasia is not common to this disease alone, while, on the 
other hand, this hyperplasia occurs at some time in all true cases of 
exophthalmic goiter. The explanation of the fact that one often sees 
colloid goiter associated with the symptom-complex of exophthalmic 
goiter is that the thyroid may undergo very rapid histological changes 
without correspondingly rapid changes in the symptoms. 

Thus we have seen cases with marked hyperplasia under the influ- 
ence of small doses of iodin revert to colloid goiter in from three to four 
weeks, while the clinical manifestations remained practically the same. 
As a rule, however, the symptoms become less marked as the involution 
(reversion), to colloid goiter occurs. Thus the histological condition of 
the specimen at the time of removal may be quite different from what 
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it would have been even two weeks before. Similar histological changes 
to those in exophthalmic goiter are also seen in all developing func- 
tional hyperplasias of man and animals. There are differences of degree 
and differences depending on the age of the animal, the number of times 
the gland has reverted and undergone hyperplasia, the presence of com- 
plications, etc., as outlined above. The reaction with iodin is the same 
in all forms of functional hyperplasia. The marked hyperplasias of 
exophthalmic goiter react exactly in the same way as do the hyperplasias 
in animals or the hyperplasias of childhood, puberty and pregnancy in 
man. 

In the light of these facts the third view — viz., that active hyper- 
plasia is of constant occurrence at some phase in all true cases of exoph- 
thalmic goiter but that similar changes occur in all developing goiters — 
is the one most likely to accord with all the facts. 

Of 26 cases clinically diagnosed as exophthalmic goiter in which the 
patients were operated on by Dr. G. W. Crile at Lakeside Hospital 15 
had active hyperplasia, varying from colloid-early to marked glandular 
hyperplasia. Eight, had pure colloid goiters. Two had pure colloid 
goiters containing actively growing fetal adenomata and one had a 
normal thyroid as regards size, histology and iodin content. With this 
series one would be inclined to agree with Virchow'* when he wrote 
that the phenomena of exophthalmic goiter depended on neither a dis- 
tinct variety of goiter, nor a distinct size, nor yet a distinct stage of thy- 
roid change, did we not further inquire into the cases. It was found 
that the patients with pure colloid goiter had been treated with iodin- 
containing substances shortly before operation. These cases clinically 
were quite typical cases of exophthalmic goiter. This finding bears out 
the observations reported from most of the large clinics that one fre- 
quently sees cases of exophthalmic goiter with colloid glands. This, 
however, means that the thyroid reacts too quickly (three to four weeks) 
for the clinical manifestations to follow and not that in the progressive 
stage of the disease there was no active hj'perplasia, for we now know 
that all colloid goiters have been preceded by active hyperplasia. We 
also know that the histological appearance of the thyroid may change 
from week to week and there can be little doubt that the varied his- 
tological findings reported by all observers is due merely to the stage of 
the process (regressive or progressive) at the time of the operation. The 
case in which the thyroid was normal is not unique. There are several 
reports of such cases. These cases must either be considered errors in 
diagnosis or that the manifestations were too recent for cell reactions to 
occur. We are inclined to consider such cases not true exophthalmic 
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goiter, but rather as severe cases of some clinically closely allied disease 
like neurasthenia or psychasthenia. 

Thus, after carefully reviewing the data, we conclude that thyroid 
hyperplasia is of constant occurrence at some stage of the disease, but 
that it also occurs in all developing goiters in all animals. 

RELATION OF THE lODIN" CONTENT OP THE THYROID TO EXOPHTHALMIC 

GOITER 

The iodin varies inversely with the degree of hyperplasia. We have 
Just seen that the histological structure of the goiters as we obtain them 
is quite variable; so also is their iodin content. But, just as there is a 
constant histological change (active hyperplasia) at some phase in all 
true cases of exophthalmic goiter, so there is a uniform lessening of the 
iodin content corresponding with the increasing degree of hyperplasia. 
Oswald'" in general found the percentage of iodin lowered in exoph- 
thalmic goiter, but he also observed cases in which it was increased. 
Caro^" in a single severe case found the iodin very high. Eeinbach*' 
could make out no relation between the amount of colloid and the 
amount of iodin. Kocher*^ found exophthalmic goiter glands always 
lower in iodin than normal glands, even to one-thirtieth of the normal. 

Two conditions must be fulfilled before one can conclude that iodin 
bears no relation to exophthalmic goiter: (1) a large series of cases, 
(3) careful histological comparisons. It seems that this may account 
for many of the reports in which no relation could be made out, just 
as it explains why constant anatomical changes were not established 
earlier. The histology and iodin content for human goiter are modified 
by so many factors that it is necessary to examine a large series in order 
to include and allow for variations dependent on the food, medication, 
age, stage of the disease, etc. 

In our 36 cases there was no case in which the iodin did not vary 
inversely with the histological structure. It was highest in the colloid 
glands, lowest in the marked hyperplasias, and the highest iodin content 
associated with hyperplasia was always below the lowest associated with 
pure colloid gland. We can conclude, therefore, that the iodin content 
in exophthalmic goiter always varies inversely with the degree of hyper- 
plasia just as in all other forms of active hyperplasia. There are the 
same difficulties in the interpretation of the anatomical changes. These 
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can only be avoided by working with large series and by carefully com- 
paring the iodin content with the histology. 

The severity of the cases in general varies with the degree of thyroid 
and lymphoid hyperplasia. Autopsy and surgical reports from all sources 
have shown this. In our series there were six patients with marked 
glandular hyperplasia, of whom four died. Of the four that died three 
had slight manifestations suggestive of supervening myxedema (dry skin, 
pigmentation, loss of pubic, axillary and scalp hair, etc.). The ten pa- 
tients with colloid goiter recovered. 

As to the cause of death after operation in these severe cases there 
are three views: (1) that it is due to the poisoning of the tissues with 
an excess of thyroid secretion; (2) that it is due to the lymphoid hyper- 
plasia (status lymphaticus) ; (3) that it is due to true exhaustion of all 
the tissues, particularly the central nervous system. 

The first view embodies the well-known theory of Moebius and Gau- 
thier*^ on which the surgical, the cytotoxic and serum treatments rest. 
Are these hyperplastic glands secreting an increased quantity of physio- 
logically active secretion? If such were the case, the same changes 
should be produced in the thyroids of animals by feeding with hyper- 
plastic glands as by feeding with normal or colloid glands. This, as is 
well known, is not true. The physiological activity of such thyroids, as 
determined by the nitrogen excretion and the histological changes pro- 
duced in dogs' thyroids, depends on the amount of iodin they contain 
and the iodin varies inversely with the degree of thyroid hyperplasia. Also, 
the fact that desiccated sheeps' thyroids in large doses (2 to 5 grains three 
times daily) usually increases the clinical symptoms in proportion to 
the severity of the case can not be interpreted as proof of physiological 
hypersecretion, for the reason that the effect of such desiccated thyroid 
on these patients depends on the quantity of iodin it contains. That this 
is true can be easily shown by the fact that iodin administered to these 
cases has (so far as we are able to estimate) the same action as desic- 
cated thyroid. In individuals with normal glands just the opposite of 
this is true. Iodin in similar doses has no noticeable effect, while desic- 
cated thyroid produces the same manifestations of physiological activity 
as are shown in cases of exophthalmic goiter, and, also, just as in the 
exophthalmic goiter cases, the physiological activity depends on the 
amount of iodin in organic combination. The results of operative treat- 
ment according to the hypersecretion theory should be most favorable in 
those cases with the most active hyperplasia. As a matter of fact, the 
opposite is true — viz., that the operative mortality is greatest in those 
cases with the most marked hyperplasia and the lowest iodin contents. 
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The clinical severity as determined by the symptoms is uncertain, for the 
reason that the gland may revert to the colloid state with the apparent 
preservation of the original symptoms. In such cases, as in the cases with 
slight hyperplasia, the mortality from operation is very low. And, there- 
fore, the mortality, as based on the number of eases clinically diagnosed 
as exophthalmic goiter, is of little importance. Another view that squeez- 
ing or manipulation of the gland produces the marked rise in pulse 
rate and temperature (so-called hyperthyroidism) by overloading the cir- 
culation with the "toxic" secretion has been proved untrue, for the reason 
that operations elsewhere on the body or injuries, or even mental shock, in 
this class of cases are with proportionate frequency followed by these 
symptoms. 

The second view that the lymphoid hyperplasia (status lymphati- 
cus) is the determining cause of death in these cases has lately been 
revived and reviewed by Capelle.^^ The presence of lymphoid hyperplasia 
in these severe cases of exophthalmic goiter was perhaps first described 
by Markham*" and later by Marie,'" Hektoen,'^ Hansemann^° and many 
others. Capelle has found in the collected reports that 44 per cent, of 
the exophthalmic goiter patients dying of some intercurrent disease; 82 
per cent, of those dying directly of the disease and 95 per cent, of those 
dying after operation had persistent thymus. Prom these data he con- 
cludes that this lymphoid hyperplasia is a separate and complicating 
condition in exophthalmic goiter. Others look on these changes as part 
of the essential anatomical lesions in all severe cases. The fact that 
these same changes are also present in cretin lambs, dogs and children, 
and also in many cases of adult myxedema, compels us to conclude that 
it is merely a part of the systemic reaction to the cause or causes pro- 
ducing goiter. We fully agree with Capelle that in all severe cases of 
exophthalmic goiter there is lymphoid hyperplasia, and also that the 
mortality is greatest in those cases, but we can not accept his conclusion 
that the mortality depends on the presence of lymphoid hyperplasia 
alone. We consider both the thyroid and lymphoid changes as common 
and the truest indices of the severity of the disease. 

The third view is that death is due to exhaustion. This view, it 
s,eems to us, more nearly accords with the observed phenomena. All 
observations go to show that the gland is hyperactive, but that this 
activity is compensatory in nature. So also all the facts indicate that 
the quantity of the secretion is increased, but that its physiological 
activity is decreased. The frequency with which myxedema follows exoph- 
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thalmic goiter can not be explained as accidental and, as has been sug- 
gested by several authors, is perhaps the greatest objection to the hyper- 
secretion theory. In endemic cretinism, in both man and animals, one 
notes the same kind of anatomical changes as are observed in exoph- 
thalmic goiter, and, as already stated, these changes are common to all 
developing functional hyperplasias of the thyroid. This is, however, 
only the anatomical verification of the old clinical phrase that endemic 
goiter is the first stage of the process leading to cretinism and it seems 
to us, as Ord^, =* has pointed out, that in mj'xedema following exoph- 
thalmic goiter, we have a very close analogy with cretinism. In this con- 
nection it is of great interest to note that Horsley'^ in his experimental 
myxedema in monkeys has described a nervous stage followed by the dull 
listless stage so characteristic of fully developed myxedema, and also 
that McGarrison,^" in his excellent clinical report on cretinism in the 
Himalayas, has very carefully described this nervous stage. Whether 
these anatomical and clinical similarities between the life-history of 
exophthalmic goiter and of cretinism are closely related or are merely 
accidental is a problem that is worth very careful study. The nervous 
symptoms are, however, not common to this disease alone, but may be 
present in varying degrees in a variety of nervous and mental diseases in 
individuals with histologically normal thyroids, as in neurasthenia and 
psychasthenia. The same may be said of the symptoms of extreme 
tachycardia and high temperature which so frequently follow operations, 
injuries or mental shocks in these cases. The same phenomena are 
observed in heat exhaustion. The onset of the disease, while it may be 
quite sudden, is almost always progressive and preceded by some chronic 
debilitating disease as typhoid fever, influenza, or by severe mental 
strain as overwork, anxiety, etc. The whole clinical picture, it seems to 
us, is one of exhaustion, the seat of which is particularly the central 
nervous system. Certainly the nervous manifestations predominate and 
perhaps cloud (at least, by our present standards of interpretation) the 
true picture of exhaustion. It is difficult to understand why partial 
removal is so quickly followed by a further hyperplasia of the remain- 
ing portion which differs anatomically from the first portion removed 
in no essential way, and why in spontaneous recovery the gland always 
returns to the colloid state, unless we assume that the process of hyper- 
plasia of the thyroid is a compensatory one.. 

In the light of our present knowledge of the anatomy, the chemistry 
and the biology of thyroid hyperplasia we can not conclude that the 
thyroid changes in exophthalmic goiter are either primary or specific 
or that such thyroids are producing an increased amount of a physio- 
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logically active secretion. On the other hand, we believe that the thyroid 
changes in exophthalmic goiter are always compensatory or secondary to 
some more fundamental cause or causes and that there is a hypersecre- 
tion quantitatively but a hyposecretion qualitatively (physiologically), 
and, lastly, that the usual final stage of all cases unless terminated by 
death or relative recovery is myxedema. 

RELATION OF THYROID CHANGES AND lODIN CONTENT TO CRETINISM AND 

MYXEDEMA 

It is now generally accepted that the major disturbance in sporadic 
and endemic cretinism, in operative myxedema (cachexia strumipriva), 
and in natural myxedema (Gull's disease) is a lack of thyroid function. 
This opinion is largely the result of the clinical and anatomical observa- 
tions from many sources, among which may be mentioned the work of 
Gull,23 Kocher,^* Ord,«' Hun and Prudden,^'' Virchow^s and Osier" ; of 
the experimental observations of Kocher,^* Eeverdin,*" Stokes,'"' Gor- 
don,*^ Horsley"^ and Halsted"^; of the therapeutic studies by Murray,'* 
Mackenzie'" and von Bruns.'° 

So, also, through the work of St. Lager,"' Niepce,'' Morel," Hirsch 
(loc. cit.), McGarrison^" and others, it has been shown that 75 per cent, 
of all cretins have enlargement of the thyroid clinically, and also that 
the general relation of goiter to cretinism may be summed up in the 
words of Morel, that "goiter is the first stage on the road leading to 
cretinism." From the above generalizations it can be seen that the terms 
"cretinism" and "myxedema" do not represent simple clinical, anatomical 
or physiological conditions, but must include all the gradations of the 
processes of which clinical cretinism and myxedema are the terminal 
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stages. The intermediate stages are best indicated by the various degrees 
of active thyroid hyperplasia and in an earlier paper one of us (Marine*) 
suggested the borrowed term "cretinoid" (GulP^) as the best descriptive 
word for the several degrees of hyperplasia seen in dogs, sheep, ox, pig, 
and human thyroids, since the greater number of these animals having 
active hyperplasia have no detectable clinical manifestations. 

The anatomical changes usually present in typical cretin animals 
are characterized by the extensive overgrowth of fibrous tissue resulting 
from the dying off of the epithelial cells. We have not found any definite 
anatomical descriptions of glands in the early stages of this fibrous tissue 
replacement of the epithelial hyperplasia. It has been our fortune to 
observe five cretin puppies and two cretin lambs in which these changes 
were occurring. As previously mentioned (under anatomical descrip- 
tions), the epithelial cells at first enlarge and the nuclei become hyper- 
chromatic. Later these cells become irregular in size and shape and the 
normally regular outline of the vesicular epithelium is broken. The 
increased connective tissue crowds out these degenerated cells and finally 
the vesicle, much reduced in size, becomes filled with the irregular cell 
masses and the detritus of the more degenerated cells. These changes 
have been observed only in thyroids of lower animals with clinical man- 
ifestations of cretinism. Of perhaps greater interest is the fact that 
similar disturbances in the nucleus-plasma relations of the epithelial cells 
have been observed in four cases of exophthalmic goiter which clinically 
showed manifestations of myxedema. 

When these anatomical changes and their clinical associations with 
cretinism and myxedema are considered together they suggest that the 
further ability of the cells to grow and divide normally has been seri- 
ously disturbed and that the major factors in this disturbance are over- 
work and lack of proper nutrition, as was pointed out by PopofE^"" for 
protozoan cells. In cretin puppies we have been able, by the adminis- 
tration of iodin, to make these cells revert to the flattened cubical form, 
while the gland as a whole returned to the colloid or resting condition, 
and later by partial removal to produce a perfectly regular and uniform 
hyperplasia in the same gland. Professor Howard and Dr. Schultz, to 
whom we have referred these observations, are of the opinion that these 
thyroid changes, consisting in the production of depression and the recov- 
ery therefrom, are comparable to the protozoan cell changes described by 
Hertwig and his pupils. The most suggestive explanation at present 
seems to be that these degenerative and atrophic cell changes are the 

100. Popoff: Arch. f. Protistenk. (Suppl.) Festband f. R. Hertwig, 1907, p. 43. 
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result of prolonged and unrelieved physiological stimulation to meet 
some deficiency, and that cretinism and myxedema are the final stages of 
the failure in compensation. 

In view of what has been said above, the earlier statement that in 
cretinism and myxedema there is a lack of thyroid function is somewhat 
misleading because the thyroid in the early stages of the process is hyper- 
active, while, at the same time, the body as a whole suffers from a lack 
of normal function. Thus it would appear that in the cretinoid and in 
the myxedematous process the real deficiency lies in the physiological 
value of the thyroid secretion to the organism. This deficiency may be 
produced either by atrophy or absence of the gland, or by the absence 
of the normal elements of nutrition with which the normal metabolic 
activities of the gland are concerned. lodin is perhaps one of these 
elementary deficiencies. 

In the true cretin the gland histologically presents marked over- 
growth of fibrous tissue, with a corresponding disappearance of the 
epithelial elements, while in the preclinical stage the gland presents a 
marked epithelial hyperplasia -with relatively slight increase in the sup- 
porting fibrous tissue. Thus with the progressive epithelial hyperplasia 
finally giving way to the fibrous overgrowth as typifying the anatomical 
changes in the cretin or myxedema thyroid, it may be said that the 
symptom-complex varies with the degree of epithelial hyperplasia and 
fibrotic atrophy. 

As regards the iodin content in human cretin thyroids no specific 
observations are recorded. In the five cretin dogs examined by us we 
could find no trace of iodin, and in the four eases of exophthalmic goiter 
showing clinical signs of myxedema the highest iodin content was 0.544 
and the lowest 0.118 mgm. per gram of dried gland.. This suggests that 
the iodin content varies inversely with the degree of hyperplasia and 
fibrosis in both cretin and myxedema glands. With the exception of 
tumors and infants' thyroids, these were the lowest iodin contents 
observed. There are variations and modifications in the iodin content 
and histologic structure of cretin and myxedema glands in man that are 
comparable to the variations above noted in other clinical varieties of 
goiter, and depend on the age of the individual, previous medication, the 
presence of complicating and degenerative changes, etc. These varia- 
tions and modifications we believe could be easily explained if the life- 
history of such patients could be accurately ascertained. But, as this at 
present is quite impossible, our hope lies in the accumulation of suffi- 
cient cases to include all the variations and the essential types of change 
as well. 
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In conclusion we believe that the various degrees of thyroid hyper- 
plasia are but stages in a common process the final result of which is 
cretinism or myxedema and that the percentage of iodin varies inversely 
with the degree of hyperplasia and fibrosis. 

CONCLUSIONS 

1. Active thyroid hyperplasia is present in all developing goiters in 
all animals. 

2. All thyroid hyperplasia, so far as we can determine, is anatom- 
icall}', chemically (iodin) and biologically the same. 

3. Thyroid hyperplasia develops in both normal and colloid glands. 

4. Colloid glands, anatomically, chemically and biologically, are the 
nearest approach to the normal gland that hyperplasias can become and 
obey all the known biological laws of normal glands in so far as these 
laws are at present known. 

6. The various degenerations, hemorrhages and cysts are secondary 
and complicating changes engrafted on to the three fundamental types 
of normal, hyperplastic and colloid glands. 

7. Iodin is necessary for normal thyroid activity. 

8. The iodin content varies inversely with the degree of hyperplasia. 

9. The percentage of iodin present in thyroids is variable, but there 
is a quite constant minimum percentage necessary for the maintenance 
of normal or colloid gland structure. 

10. Iodin is taken up rapidly by the thyroid, the rapidity depending 
on the degree of active hyperplasia. 

11. Mild degrees of thyroid hyperplasia accompany or follow many 
of the chronic nutritional disturbances without detectable clinical symp- 
toms referable to the thyroid. 

12. Exophthalmic goiter is constantly accompanied during the pro- 
gressive stage of the disease by thyroid hyperplasia and the iodin per- 
centage varies inversely with the degree of hyperplasia. 

13. In endemic cretinism the fibrous overgrowth with atrophy of the 
gland cells is consequent on active hyperplasia and is associated with a 
very low iodin content. 

14. In myxedema the anatomical and iodin changes are similar to 
those of cretinism. 

We wish to acknowledge our indebtedness to Prof. W. T. Howard for the ana- 
tomical material; to Prof. G. W. Crile for his surgical material at Lakeside Hos- 
pital, and also to thank Professors Howard and Gr. N. Stewart for their careful 
criticisms and suggestions. 
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A CASE OF GENEEAL INFECTION WITH BACIL- 
LUS MUC08US CAPSULATUS FOLLOWED BY 
AN AEEOLAE ABSCESS OF THE LIVEE AND 
GENEEAL PEEITONITIS. AUTOPSY. 

By J. H. Hewitt, M. D., 
Ex-resident Pathologist. 

(From the Pathological Laboratory of the Lakeside Hospital, 
Cleveland, Ohio.) 

Primary idiopathic abscess of the liver, except in cases of [77] 
direct or indirect traumatism, may be said very seldom to occur. 
In direct traumatism a penetrating dagger, a splinter of wood, 
a bullet or the like, may carry in with it infecting organisms 
and suppuration may follow. In indirect traumatism, as by 
a blow or fall on the hepatic region, the liver may receive 
severe injury, some of its blood vessels may be ruptured, hsem- 
orrhage may take place into the parenchyma, and the resis- 
tance of the organ be greatly lowered. It may form as a 
result of such injury a fertile soil for the growth and multi- 
plication of organisms, which would otherwise not be attracted 
to it, or whose virulence normal liver tissue could readily with- 
stand. In all other cases of hepatic abscess we must, ordi- 
narily, consider the condition secondary to a focus in some 
other region of the body. The source of infection may be at 
times comparatively small, insignificant, and easily overlooked. 
Josserand (1) has reported a case of amoebic abscess of the 
liver occurring ten years after an attack of dysentery. In such 
a case the infectious focus must be of the nature of a chronic 
inflammation. The amoeba must have been lurking and living 
in some portion of the body and there producing a certain 
amount of irritation, though not enough, perhaps, to produce 
any manifestly discernible symptoms. However, there are cases 
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[77] on record (2) of undoubted abscess of the liver, in which 
amcebse were found in the abscess, but no history of preceding 
dysentery could be obtained, and in which post-mortem exami- 
nation showed a normal gastro-intestinal tract. There is, also, 
recognized by some authors (3) a group of cases of infective 
suppurative hepatitis with abscess formation in which the ut- 
most care has failed to reveal, either during life or after death, 
any primary point of infection. 

The clinical history of our case is as follows, and seems to 
belong to the above described third group : 

A. J., white, American, set. 23, married, book-keeper, entered 
hospital April 30, 1908. 

Complaint. — Fever and abdominal pain. 

Family History.- — Unimportant. 

Personal History. — Unimportant. 

Present Illness. — Patient has not felt like work for the past ten 
days. Pour days before admission to the hospital he was seized 
with fever, which has persisted without remission. The next 
night he had irregular fleeting pains in the upper right chest and 
a dull constant pain in the upper right abdomen and back. He 
also had headache and a feeling of chilliness. He vomited fre- 
quently that night, but has not vomited since. On the day before 
admission he had a severe chill. He has never been jaundiced. 

Physical Examination. — On admission, temperature, 103.4° P.; 
pulse, 92; respirations, 22 to the minute. 

Patient is fairly well developed and rather poorly nourished. 
Pace is flushed. Herpes on lips. Tongue Is dry and coated with 
a white fur. The superficial lymph glands are not enlarged. 

Thorax. — Normal. 

AMomen. — Liver extends from the 4th rib above to 2.5 cm. 
below the costal margin. Its edges are not palpable. Palpation 
is very painful over the right lobe of the liver, but less so over 
the left lobe. Deep palpation Is slightly painful In the right lilac 
region. Abdomen is not distended. Spleen apparently enlarged, 
palpable just below the costal border. 

May 2. — Epigastric pain, which has been very severe, has now 
markedly decreased. His abdomen is quite distended, especially 
below the umbilicus. 

Operation. — Exploratory laparotomy and drainage by Dr. D. P. 
Allen. 

On opening the abdomen the liver seemed somewhat enlarged. 
The hepatic flexure of the colon was drawn up and found covered 
with fibrino-purulent exudate. The coecum and appendix were 
exposed; the latter was free and not enlarged; Its peritoneal sur- 
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face was dull and partially covered with seropurulent material. [77] 
The pelvis was explored and found full of thick yellowish pus. 
The peritoneal coat of the small intestine was found injected and 
quite dull in appearance. No perforation could be found. Owing 
to the patient's poor condition it was thought unwise to attempt 
further to discover the source of the pus. 

May 5. — On the day following the operation, May 3, the patient 
looked brighter and his general condition had improved. Late in 
the afternoon of May 4, his temperature began to rise and he be- 
came restless. During the following night his pulse became weak 
and rapid; by morning it was weaker and more rapid; he was at 
times delirious, and died at 8.15 p. m. 

Urine. — ^At no time, either before or after operation, did the 
urine show anything of importance. 

On May 4, the day before the patient died, a blood culture 
taken, under aseptic precautions, from the median basilic vein of 
the right arm gave the B. mucosus capsulatus in pure culture. Its 
appearance and general characteristics, as well as its cultural 
growth, were identical with the organism obtained at autopsy and 
described in the bacteriological report of this paper. 

Autopsy, 938. [78] 

May 6. — 13 hours after death. 

Anatomical Diagnosis. — Acute, general, Mffuse, flirino-purulent 
peritonitis; areolar abscess of liver; general infection with B. 
mucosus capsulatus; parenchymatous degeneration of the heart 
muscle, liver, kidney, adrenal and pancreas; acute lymphadenitis; 
acute splenic tumor; oedem^a and congestion of lungs. 

Aidominal Cavity. — The abdominal wall is quite thin; the sub- 
cutaneous fat scanty. The serous surface of the abdominal wall 
and viscera is everywhere covered with a layer of thick greyishr 
white purulent material of very foul odor. Beneath this exudate 
the surface is deeply injected and dulled. The inner surface of 
the abdominal wound is quite ragged, its margins ulcerated and 
covered with fibrino-purulent exudate. The omentum is massed 
on itself and drawn over to the left hypochondriac region. It is 
matted together by fibrino-purulent adhesions and its surfaces, 
with the serous surfaces in general, are covered with fibrino- 
purulent exudate. All the abdominal fossae and dependent por- 
tions of the cavity are filled with soft creamy pus. The appendix 
is free, short, straight and firm. Its tip lies over the brim of the 
pelvis in a pool of pus. 

The liver reaches 10 cm. below the costal margin. The surfaces 
of both lobes are covered with fibrino-purulent exudate. This may 
be stripped off in sheets from the upper surface. The surface is 
deeply congested and red. On passing the hand upwards between 
the diaphragm and the liver, the liver substance readily yields to 
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[78] pressure and there is distinct fluctuation. The gall-bladder, filled 
with bile, appears normal. 

The spleen is enlarged and soft. It is adherent to the dia- 
phragm, fundus of the stomach, and abdominal wall by delicate 
flbrino-purulent adhesions. 

Examination of the whole alimentary tract, from the oesopha- 
geal opening of the stomach to the anus, shows no perforation. 

Liver.— It weighs 2000 gr. It measures 25 x 22 x 9 cm. Its peri- 
toneal surface is everywhere covered with a membrane-like layer 
of flbrino-purulent exudate. Beneath this membrane, which may 
be readily stripped off in sheets, the liver surface of the left lobe 
appears of a fairly uniform light greyish-yellow color. The surface 
of the right lobe shows marked mottling, especially over its pos- 
terior portion. Over this region of the right lobe the surface is 
of a general dark red color, dotted at several points with irregu- 
larly quadrilateral and round, opaque, soft areas, varying from 
1-2 cm. in diameter. Over these opaque areas the surface is 
roughened and in some places broken. Where they are broken 
they are seen to open into subjacent abscess cavities. The an- 
terior portion of the right lobe is fairly soft and friable; the pos- 
terior portion, quite soft and fluctuating. On pressure, greyish- 
white, foul-smelling, purulent material may be pressed out 
through the openings on its surface. Beginning at a point on the 
outer border, 5 cm. from its anterior extremity, there is an irregu- 
larly triangular area, measuring 10 x 8 cm., throughout which the 
liver surface is deeply injected and of a dark red color. At its 
base it merges into the abscess area in the posterior portion of the 
lobe. On section the cut surface of the anterior portion of the 
right lobe and the whole of the left lobe have, practically, the 
same appearance. It is of a pinkish-yellow color, soft and friable. 
The lobules are readily made out and the central veins are visible 
as small, injected, red points. The central veins are surrounded 
by an ill-defined ring of light yellowish-grey tissue, slightly trans- 
lucent. Outside of this the tissue of the portal spaces is darker 
and' more opaque. Section through the triangular area described 
above, shows a cut surface of deep red color and slightly mottled. 
The tissue is of a softer consistency than that in the anterior 
portion of the lobe. The lobules are very indistinct and ill- 
defined. The blood vessels are distended and filled with greyish- 
red, fairly firm thrombi. Scattered over this area, increasing in 
number as we proceed posteriorly and towards the outer border, 
there are numerous greyish-white points, varying in size from a 
pin point to 1 cm. in diameter, and from which on pressure soft 
tenacious opaque material may be expressed. These points can be 
rea«ily seen to be situated in the hepatic veins. 

The Aiscess. — A section through the posterior portion of the 
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right lobe shows an irregular elliptoid area, measuring 10 x 9 x 7 [78] 
cm., with a fairly well-defined border separating it from the sur- 
rounding deeply congested liver tissue. Over this area the tissue 
is seen to be made up of a network of intercommunicating sinuses 
and alveolar spaces, filled with greyish-white, foul-smelling, tena- 
cious and viscid purulent material. The intervening septa of 
liver substance have a slightly tortuous radial arrangement. The 
veins contain deep red and reddish-white thrombi. On opening 
the Inferior vena cava a thrombus is found projecting for a dis- 
tance of 1 mm. from the main hepatic vein. On pressure purulent 
material may be expressed from the hepatic veins into the lumen 
of the inferior vena cava. 

The portal vein, when examined throughout its course and as 
far into the liver substance as its branches can be readily fol- 
lowed, is everywhere free and shows no thrombi, emboli or evi- 
dence of pylephlebitis. 

MiCBOscopicAi, Examination. 

Liver. — ^Examination of the abscess area shows the abscesses to 
have a fairly uniform structure. Proceeding from the center of 
one of the abscesses towards the periphery, we meet, first, a 
vacuolated, pink-staining area of necrotic structureless material; 
outside of this area there is a darker zone of densely packed and 
deeply staining leucocytes, small round cells, broken liver cells 
and granular material; along the outer border of this zone there 
is an irregular line of bacilli; outside of this line we have the 
degenerated cells of the liver parenchyma and of the septa that 
run between the abscesses. These septa vary in width. Scattered 
through them are numerous areas of small haemorrhages. The bile 
ducts are well preserved and are undergoing active hyperplasia. 
Beneath Glisson's capsule there is a zone of round cell and leu- 
cocytic infiltration. The blood vessels are dilated and distended 
with blood. 

Sections from the anterior portion of the right lobe, just an- 
terior to the abscess area, show numerous' small and large 'soli- 
tary abscesses, which appear as local areas of suppurative phleb- 
itis, always associated with a hepatic vein. The lumen of the 
vein is filled with polymorphonuclear leucocytes, small round 
cells, broken endothelial cells and granular material. Bordering 
on and in the wall of the vessel are numerous bacilli, often aggre- 
gated in cliisters. In the large areas the wall of the vein has been 
almost destroyed and exists only as a ring of degenerated con- 
nective tissue cells; in the smaller areas it is fairly well preserved. 
Outside of the vessel wall there is a band of broken liver cells 
and marked leucocytic and small round cell infiltration. In the 
very smallest abscesses the suppuration is limited almost entirely 
to the lumen of the vessel. 
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[78] In the remaining portion of the right lobe and throughout the 
left lobe there is only acute congestion of the blood vessels and 
parenchymatous degeneration of the liver cells. The connective 
tissue about the portal spaces is slightly increased and there is 
round cell infiltration. There is nowhere any evidence of an 
acute cholangitis, either in the small or large bile ducts. 

Bacteriological Repokt. 

Smears were made from the fibrino-purulent peritoneal exudate 
and from the purulent material obtained from the large liver 
abscess. The bacteriological picture is identical in both prepara- 
tions. With the gentian violet stain there is seen a large plump 
bacillus, varying in length from 3-8 ij., with rounded ends and a 
distinct halo about each organism. With Welch's capsule stain 
distinct capsules can be made out about each organism. No other 
organisms could be seen. No amoebae or other protozoan organ- 
[79] isms were found in the liver abscesses. The organism found de- 
colorized with Gram's stain. 

Cultures made on plain agar from the heart's blood, liver, 
spleen, lung, and kidney were positive in all save those from the 
spleen. The cultures in all were pure and their growths identical. 

The organism obtained from the cultures Is about .5 ^ in width, 
has rounded ends and varies from 3-5 m in length. It decolorizes 
with Gram's stain, has no spores, and is non-motile. After 24 
hours incubation at 37° C, its cultural growths are as follows: 

Plain Agar. — There is an elevated white lustrous growth with 
wavy margins. When touched with a platinum needle it is seen 
to be very tenacious and mucus-like. Subsequent growth showed 
no marked change. 

Glucose Agar. — Stab cultures showed marked gas formation, 
portions of the media are raised 1 cm. above adjacent portions. 

Litmus Milk. — There is coagulation and acidification. Cover 
slip preparations stained with Welch's capsule stain showed dis- 
tinct capsules. Subsequent growth showed no peptonization. 

Plain Bouillon. — There is a diffuse turbidity and slight greyish- 
white sediment. Subsequently the turbidity greatly increased and 
a distinct pellicle formed. 

Potato. — There is a rather diffuse greyish-white growth, quite 
moist and viscid, with marked gas formation in the water of con- 
densation along the side of the tube. 

Dunham's Bouillon. — There is a growth similar to that noted in 
the plain bouillon. After 12 days there is a fairly marked indol 
reaction with 10 per cent sulphuric acid and 1 per cent sodium 
nitrite. 

Oelatin. — After 3 days growth at room temperature (about 20° 
C), there is a distinct growth along the stab and an accumulated 
growth on the surface, giving a nail-head appearance. There is 
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no gas formation or liquefaction. Subsequent growth showed no [79] 
change. 

Blood-serum. — There is a lustrous white growth along the line 
of stroke. It is very tenacious and stringy when touched with a 
platinum needle. Its margins are wavy. 

Animal Inoculation. — 1 cc. of an emulsion, made from a 24- 
hour growth on slant agar with sterile bouillon, injected subcu- 
taneously over the abdomen, produced death In a guinea-pig in 
27 hours. At autopsy the organs were found generally congested 
and moist; the lungs, cedematous. Cultures made on slant agar 
from the heart's blood, lung, liver, spleen, and kidney, in each 
tube, gave a pure culture of an organism, in all particulars, sim- 
ilar to the one described above. 

Anaerobic cultures, grown in air-tight jars deoxygenated with 
pyrogalic acid and sodium hydroxide, showed a growth quite 
similar to that obtained aerobically, save that it grew much slower 
and not so luxuriantly. 

The fermentative power of this organism was tested in no other 
media than glucose agar. The activity of the fermentation there 
noted and the fact that it acidified and coagulated litmus milk, 
make it most probably belong to the " serogenes " group of the 
capsulated bacilli, as described by Strong (4). Moreover, Perkins 
(10) has shown that all of the serobic capsulated bacilli that have 
the power to break up sugars with gas formation may, by change 
of environment or passing through animals, be reverted to the 
" serogenes " group as the prototype; that these organisms may, 
also, lose their fermentative power, in whole or in part, through 
modifications In environment.' 

The clinical history, autopsy, and bacteriological findings in 
this case are extremely interesting in as much as a case of 
general infection and gas-cyst formation in man (5), an epi- 
zootic infection of the laboratory guinea-pigs (6), both due to 
the B. mucosus capsulatus, and a study of the group of cap- 
siilated bacilli, in which organisms of the bacillus mucosus 
type were noted 56 times in 74 consecutive autopsies (11), 
have already been reported from this laboratory, and we are, 
still, repeatedly meeting with this organism as a primary and 
secondary invader in various kinds of lesions and conditions 
found at autopsies. 

In the case here reported we apparently had first a gen- 



' Only that portion of the autopsy and microscopical findings 
have been, described here which bear directly on the case. 
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[791 eral bacterifemia and septicasmia, due to the B. mucosus cap- 
sulatus; subsequently^ there was the formation of numerous 
minute abscesses in the liver. These minute abscesses in- 
creased in size till portions of their peripheries became 
coalescent, and thus formed the large multilocular, areolar ab- 
scess; this extended to the peritoneal surface of the liver, 
from which the infection spread to the general peritoneal 
cavity. 

One of the series of cases of general septicaemia reported by 
Duval and Lewis (7) is important in this connection. A male 
patient, 37 years of age, bom in Holland, and a cigarmaker 
by occupation, came into the hospital complaining of general 
malaise, loss of strength, and fever. He remained in the hos- 
pital 5 weeks, recovered completely, and returned to work well 
and strong. On the day after admission a blood culture was 
taken, under aseptic precautions, and plates yielded a pure 
culture of B. capsulatus. There were from 50 to 300 colonies 
per plate. One week after admission a second blood culture 
was taken. The cultures again were pure and showed the same 
organism. The number of colonies to the plate was larger than 
that obtained from the first cultures. A third blood culture 
was taken on the day of discharge. Again the cultures were 
pure and the number larger than that noted at any time be- 
fore, equal and the same quantities of blood having been plated 
at each time. They note the apparent rarity of this organism 
as an agent of general infection and believe that the conclu- 
sions of this case have important bearings on immunity 
problems. 

At the time the patient was discharged there were more 
bacteria circulating in his blood than when admitted to the 
hospital, as shown by bacteriological cultures; still he was to 
himself and others well and able to do work. Two weeks after 
his discharge the patient was seen at work and feeling perfectly 
well. These facts, they argue, indicate that, in addition to the 
acquired immunity to soluble toxins and the acquired bac- 
tericidal immunity, the human body has other mechanisms of 
protection against bacterial infection. The tissues in this case 
they think, seem to have acquired a resistance to the toxic 
products of the infecting organism without there being de- 
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veloped substances harmful to the bacterial cell, the resulting [791 
condition becoming possible by the survival of the host and 
being a causal one between the animal body and the 
bacterium. 

Perhaps this explanation, in a measure, offers a solution of 
the conditions of our case. Here the liver may be considered 
to have lost this power of resistance to the infecting organism 
and consequently suppuration and abscess formation has re- 
sulted. 

Why the liver or any organ should lose this power of resist- [80] 
ance and become the focus of infection and the other organs 
remain free, while infectious organisms are continually circu- 
lating through them, has been a recognized but unsolved prob- 
lem for years. 

As to why the abscesses should, in the present case, be ex- 
clusively connected with the hepatic veins is also quite difficult 
to answer. There would appear to be no reason for or evidence 
of retrograde embolism. There were no thrombi in the heart 
or thoracic vessels; special care was taken to look for them. 

This tjrpe of abscess is also rather interesting. It was first 
described by Charcot under the name " absces areolaire" (8) 
in connection with suppurative cholangitis and by Chauffard 
(9) in connection with suppuration in the portal system. It 
has also been described in connection with suppurative phlebitis 
of the hepatic veins. It is characterized by its infarct-like 
form and spongj' structure. It may be formed by the fusion 
of numerous points of suppuration about the radicles of the 
portal or hepatic vein, or the branches of the hepatic bile ducts. 
A pyogenic membrane may form around its periphery and 
ultimately a well defined capsule may develop. It is said to 
be most commonly associated with infections of the appendix. 
In conclusion we may safely say from the evidence here 
given, that — 

1. 5. mucosus capsulatus may form multiple abscesses in 
the liver. These may be of the areolar type and result from 
a general infection with this organism, where the mode of in- 
fection and the point of inoculation is not apparent. 

2. These abscesses may be all associated with the central 

(9) 



[80] hepatic veins of the liver lobule, for some reason and by some 
process that we are not able to determine. 

I am greatly indebted to Dr. W. T. Howard for aid and 
assistance in the preparation of this report and also to Dr. 
David Marine, of the Western Eeserve Medical School, for the 
accompanying microphotographs. 
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PARAPSOKIASIS : A RESISTANT MACULO-PAPULAR 
SCALY ERYTHRODERMIA, WITH A REPORT OF 
THREE CASES, TOGETHER WITH PATHOLOG- 
ICAL HISTOLOGY. 

By William Thomas Corlett, M. D., Professor of Dermatol- 
ogy and Syphilology, and Oscab T. Schultz, M. D., Lec- 
turer on Pathology and Protozoology, Western Reserve 
University, Cleveland. 

A S in other types of cutaneous disease, cases of anomalous 
/ \ or apparently hybrid scaly eruptions have been from 
-*- -*- time to time encountered. Lailler in 1871 observed a 
scaly eruption which he regarded as pityriasis rubra, and of 
which Baretta made a model for the museum of the Hopital St. 
Louis. A duplicate placed in the Royal College of Surgeons 
of England was labeled by Sir Erasmus Wilson, in 1873, " lichen 
planus retiformis." This model has since been identified by 
RadclifFe Crocker as belonging to the group of dermatoses 
which forms the title of this paper. ^ It was not, however, until 
Unna, in connection with Santi and Pollitzer, published a des- 
cription of two cases in 1890,^ under the name of parakeratosis 
variegata, that the subject attracted special attention. The 
next to make note of this condition were Jadassohn (eigen- 
artiges psoriasiformes und lichenoides Exanthem, Dermatitis 
psoriasiformis nodularis) and Neisser (psoriasiformem und 
lichenoidem Exanthem), who presented cases before the Deutsche 
Dermatologische Congress in 1894, which have been recognized 
as belonging to this group.^ With Erocq's description of 
what he termed " erythrodermie pityriasique en plaques dis- 
seminees " in 1897,* there soon appeared a number of cases 
reported by observers in different countries, which, while pre- 
senting certain differences, are now thought to belong to the 
same group — if not forming a distinct affection. The same year 
Juliusberg reported a case of " Pityriasis lichenoides chronica,"' 
while Pinkus^ and Rona'^ followed with reports of similar cases. 

Read before the 32nd Annual Meeting of the American Dermatological 
Association, Annapolis, September 25, 1908. 



2 PARAPSORIASIS. 

A year later Eudlitz* presented a child before the Societe Fran- 
9aise de Dermatologie, with an eruption of four months' stand- 
ing, which he called " Psoriasis en gouttes d'aspect syphiloide." 
Brocq includes this case in the type parapsoriasis, a term he has 
since proposed for this disease. In Great Britain, Jamieson 
exhibited three cases of a unique scaly exanthem before the 
British Medical Association in 1898, two of which Unna re- 
garded as indubitable examples of parakeratosis variegata.® 
The first to make note of this condition in America was J. C. 
White, who reported two cases before this association in 1900,^" 
which he regarded as counterparts of those described by Brocq. 
In 1901 RadclifFe-Crocker published a report of two cases, pre- 
sented before the Dermatological Society of London, which he 
called " Lichen variegatus."" Ravogli,^^ in 1901, reported 
what is probably the third American case, in a child three years 
of age, under the name " Erythroderma squamosum." A case 
was likewise reported by Casoli"^^ in Italy at this time, which 
Brocq includes in les parapsoriasis. Later in the same year 
(1901) a case of parakeratosis variegata was reported by T. 
Colcott Fox and J. M. H. Macleod,^* who gave an exhaustive 
analysis of the cases thus far recorded, and drew the conclusion 
that while the cases collected presented certain minor varia- 
tions, yet the more distinctive features were well defined and 
constant, which entitled them to be classed as a separate affec- 
tion, for which they proposed the provisional name of Resistant 
Maculo-Papular Scaly Erythrodermias. 

More recently, 1908, C. J. White^^ reported the third 
case seen in Boston, and entered more at length into the etiology 
of the condition. 

In this connection I wish to report three cases observed 
during the past year, which, I believe, answer in the main to the 
descriptions of the cases, under various names, cited above. 

Case 1. — V. T. A., male, aged £5i, American, school 
teacher. Presented himself November 11, 1907, with a scaly 
eruption which covered nearly the whole body. 

Family History: His mother is said to have died of 
" dropsy " following " asthma," at the age of 57. Father 
still living and enjoys good health. The only disease the father 
can recall is that of " boils " observed several years ago, which 
were supposed to be occasioned by scratches in trimming a 
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hedge. The patient has two brothers older than himself who 
have always been well. 

Previous Condition: The patient has likewise enjoyed 
good general health all his life ; although being troubled some- 
times in summer by a slight looseness of the bowels. The pres- 
ent disease began five years ago: first appearing during the 
winter, and was most noticeable on the trunk, although to a less 
extent the extremities were likewise involved. During the first 
year or two the eruption almost completely disappeared during 
the summer months. After the second winter, however, it 
became permanent and more marked, or " thickened," as he 
expressed it. He has observed during the summer that the 
parts exposed to the sun, viz., the forearms, have a tendency 
to recover their normal condition, and he believes that copious 
perspiration has likewise beneficent effect. The face, hands, 
scalp and feet have been almost entirely free. 

Present Condition : Patient is strong, robust, is florid, 
and weighs 202 pounds ; height, 5 feet 9 inches. His teeth 
are sound, one having been removed. The mucous surfaces of 
the pharynx and buccal cavity are normal, with the exception 
that the former is slightly congested, which the patient attrib- 
utes to a " ccJld." The superficial lymphatic glands are pal- 
pable. Nearly the whole surface of the body is covered with a 
reddish papulo-squanious eruption, most marked on the trunk 
and proximal end of the extremities. The only parts that 
enjoy immunity are the face, scalp, hands and feet. On the 
parts first mentioned, nearly the whole cutaneous surface is 
mvolved with pea to dime-sized maculas, varying from a yellow- 
ish to dusky red color. Most of these lesions are covered with 
a few loosely adherent scales. Here and there large papillas are 
seen, of a more pronounced dark color, about the size of a lentil, 
flattened at the apex, some of which are covered with light yel- 
lowish scales of varying thickness. The color of the eruption is 
therefore not uniform, and is deeper and of a bluish-red tint on 
the lower part of the trunk. Intervening between the lesions 
are small areas of normal skin, giving to the whole surface a 
somewhat variegated or reticulated appearance. On scratch- 
ing, the denuded area does not show haemorrhagic puncta. The 
subjective symptoms are for the most part negative, although 
the patient says when heated a slight itchiness is sometimes felt. 
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The case was regarded as an anomalous form of psoriasis 
of the guttate variety with the abortive formation of scales, 
and appeared to be quite amenable to treatment. 

He was given an ointment composed of salicylic acid and 
tar ; in short, the ordinary treatment for mild cases of psoriasis. 

He returned at the end of the month with but slight im- 
provement, and upon further examination it was apparent that 
the eruption was not a simple psoriasis, but corresponded to 
Brocq's description of " les parapsoriasis." " Since which 
time, the patient has been under observation and has been given 
a trial of arsenic internally, as well as various preparations to 
be applied to the skin, without, so far as I am able to ascertain, 
any marked improvement. 

In June, 1908, the case was presented to the dermatolog- 
ical section of the American Medical Association at its meet- 
ing in Chicago. 

Some members present of wide experience promptly pro- 
nounced it a case of psoriasis, while others recognized it as 
belonging to the rare group of scaly eruptions previously de- 
scribed under various names. 

It was suggested, by way of treatment, that mild or sooth- 
ing applications be made, such as the glyceride of starch and 
zinc. A letter from the patient a few days ago tells me that 
the mild applications, he thinks, are less effective than the 
stronger ones at first used. 

Soon after this case was first seen, another came under 
observation, of a more decidedly psoriatic appearance, and with- 
out the papules, which were a prominent feature in the case 
above described. Were it not for the published cases of Brocq's 
group of les parapsoriasis before me, the case next to be de- 
scribed would have been classed as psoriasis, notwithstanding it 
was somewhat allied in appearance to seborrheic eczema. 

Case 2. — B. V., female, aged 33, Italian, presented her- 
self with a scaly eruption. Nothing worthy of note could be 
elicited from the family history. 

The previous history of the patient showed that she 
had been married thirteen years, and had four children all of 
whom are still living and well. She had had a skin disease ten 
years ago, which she said was dry and scaly. It remained three 
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or four years, after which she was free until two years ago, when 
the present eruption came. 

Present Condition: The patient is well nourished and 
appears unusually strong. The eruption is symmetrically dis- 
tributed and seems to be almost wholly confined to the extremi- 
ties. It is most abundant on the flexor surface of the middle 
third of the arms and to a less extent on the corresponding 
position of the legs. There is a slight mottling of the face 
over the malar bones, suggesting the so-called butterfly-shaped 
lupus erythematosus. The lesions are macular, varying from 
a pinkish to a fawn color, dry, scantily covered with scales, 
and are roundish or oval in shape. In some instances they 
coalesce forming larger plaques. In the central area of some 
of the plaques the eruption is less marked as if resolution were 
taking place. The disease has not invaded the scalp, nor has 
it appeared to a noticeable extent on the face, hands or feet. 
The eruption has always been dry and there is slight itching 
only when the patient becomes warm. At other times there are 
no subjective symptoms. The mucous membranes are not in- 
volved and no enlargement of the superficial lymphatic glands 
can be detected. 

The treatment consisted of that usually employed in psori- 
asis, but was followed by no perceptible improvement. 

The case is still under observation. 

Case 3. — F. H., male, aged 62, native American, farmer by 
occupation, entered the surgical ward of Lakeside Hospital 
complaining of a painful aff'ection of the neck, which the skia- 
graph showed to be a slight enlargement or exostosis of the 
right lateral process of the second cervical vertebra. While 
awaiting an operation for the relief of this aflfection, a peculiar 
mottled, or variegated papulo-scaly eruption was noted. 

The family history is negative. 

The previous history showed that he had always enjoyed 
good health until about a year ago when he noticed pains in 
the neck which have continued and for which he seeks relief. 
The patient says the present eruption began about three months 
ago, but as it was unaccompanied by subjective symptoms, the 
exact time of its appearance could not be given. 

Present Condition: The patient is a spare, tall man, 
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slightly anaemic, although enjoying fair health. The eruption 
came without apparent cause, is symmetrically and widely dis- 
tributed, most marked on the trunk and extremities, but one or 
two spots are also seen on the hands, while the face, scalp and 
feet remain comparatively free. There is one small reddish pin- 
head sized lesion on the palm of one hand. On the trunk and 
proximal portion of the extremities the eruption is well marked, 
consisting of maculae of a pinkish-fawn color, dry and slightly 
scaly, together with a sprinkling of reddish papules about the 
size of lentils or small peas. The first glance suggested a 
luetic eruption, but on further inspecting different parts of the 
body, this was found untenable. The mucous membranes were 
not involved, excepting a slight congestion of the pharynx. 
There was a marked enlargement of the superficial lymphatic 
glands. The skin disease seemed to be an exact counterpart of 
the first case herein reported. With the failure of therapeutic 
measures previously adopted and thinking, possibly, mercury 
might cause absorption of the exostosis, intramuscular injec- 
tions of mercury bichloride were given for nearly ten days. As no 
perceptible amelioration followed at the end of this time, and as 
the patient was desirous of returning home, an operation for 
the removal of the exostosis was performed by Dr. G. W. Crile 
and all other treatment discontinued. During the few weeks 
at the hospital no perceptible change could be observed and 
the patient returned to his home in Illinois, relieved of the cer- 
vical pains but with the eruption unchanged. 

Clinically, cases number one and three are identical, and 
correspond to the papulo-scaly eruptions described by Unna, 
Jadassohn, Neisser, Pinkus, Rona, Eudlitz, Juliusberg, Crocker, 
Colcott Fox and Macleod, while case number two belongs to the 
purely squamous type and occupies a clinical position between 
psoriasis and eczema seborrhoicum. It corresponds to Brocq's 
tenth case, while it differs from the three cases observed by J. C. 
and C. J. White, which I think correspond to Brocq's third 
variety. 

Pathological Histology 

A review of the pathology of parapsoriasis shows a marked 
and unexpected uniformity in the findings, no matter under 
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which of several clinical designations the individual cases are 
described. 

Review of the Changes Noted in the Literature : 

The two cases described by Unna, Santi and Pollitzer^ in 
1890 as parakeratosis variegata showed epidermal changes of 
which the most important were the presence of nuclei in the 
thickened homy layer, dilatation of the intercellular channels 
of the prickle layer and distension of the nuclear spaces in the 
prickle and palisade layers, and a general thickening of the epi- 
dermis. In both cases the granular layer was present, but the 
description leads one to believe that it was not so well developed 
as normal. The superficial portion of the corium showed 
marked capillary dilatation and a pericapillary infiltration by 
round cells which the authors consider of connective tissue 
origin. 

In Pinkus' case^ of " psor.'asiformem und lichenoidem 
Exanthem " there were areas of thickened, nucleated horny 
layer alternating with non-nucleated areas. The histological 
description deals chiefly with these superficial changes and little 
is said of other epidermal changes. The papillae were thickened, 
shortened and somewhat flattened. About the deeper vessels 
of the corium there was present an infiltration by small round 
cells. According to Pinkus the infiltrating cells present in the 
papillae and in the epidermis were polymorphonuclear leuko- 
cytes. 

In Juliusberg's cases", published in 1899 under the desig- 
nation pityriasis lichenoides chronica, the stratum comeum was 
nucleated, not thickened, and formed a scale upon the surface. 
He gives few details of the changes in the epidermis, but states 
that the most marked change was present in the corium. Here 
there were bands of infiltration along the blood vessels, more 
marked in the papillae than in the deeper corium. The infiltra- 
tion was composed of mononuclear and polymorphonuclear cells, 
among which were plasma and mast cells in considerable num- 
bers. The vessel lumina were not compressed. He concludes 
from his microscopic study that the lesion is produced by a 
combination of two processes, a parakeratosis and a very super- 
ficially situated, slight, inflammatory process. He thinks it 
impossible to decide which of these is primary or moi'e essential, 
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but seems to feel that the inflammatory process is not the pri- 
mary condition. 

J. C White" in 1900 gave a detailed description of the 
changes present in lesions from two cases which were placed 
under Brocq's erythrodermie pityriasique en plaques dissem- 
inees. Here, again, the striking feature was the oedema of the 
papillae and of the epidermis. The stratum lucidum was absent 
in both cases and the stratum granulosum was abnormal and in 
places entirely wanting. In one case the homy layer was thinner 
than normal, in the other the thickness varied greatly. In 
both, the superficial layer contained no nuclei. This absence 
of nuclei in the homy layer is the chief point in which White's 
cases differ from those described by Unna, Santi and Pollitzer, 
by Pinkus and by Juliusberg. White considered the infiltrat- 
ing cells about the dilated capillaries of the corium to be 
lymphocytes. 

Colcott Fox and Macleod^ in 1901 described in great detail 
the changes in a case of parakeratosis variegata. Their sum- 
mary deserves repetition : 

" 1 — Dilatation of the sub-epidermal capillaries. 

2 — Flattening of the papillary body. 

2 — (Edema affecting the fibrous stroma near the dilated 
vessels. 

4 — (Edema and rarefication of the collagen ; stains badly. 

5 — Elastin does not stain well. 

6 — Infiltration of small cells like lymphocytes with a few 
polynuclear leukocytes among them. Neither plasma cells nor 
mast cells found. 

7 — Thinning of the overlying epidermis. 

8 — Interepithelial oedema and presence of leukocytes. 
10 — (Edema of the granular cells; occasional absence of 
them. 

11 — No stratum lucidum detected. 

12 — Stratum comeum showing tendency to desquamate. 
13 — Only here and there could imperfectly comified cells 
be found retaining nuclear remains. 

14 — ^Where these latter cells were present the granular 
layer was deficient." 

Brocq's paper of 1902,^^ " Les Parapsoriasis," gives no 
histological data, but concludes that under parapsorasis are to 
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te included a number of closely related clinical conditions. His 
paper of 1903^^ comes to the same conclusions and says that 
certain histological changes are common to the entire group. 
" Histologically this group is characterized by an infiltration 
of round cells about the dilated capillary vessels, by a flatten- 
ing of the papillas and a marked tendency to their disappear- 
ance ; by a marked cudema. of the upper layers of the derma, and 
■of the epidermis ; by an almost complete disappearance of the 
germinative iayer; by a dilatation of the intercellular spaces 
in the pr'ckle layer; by an oedema of the granular layer which 
is wanting in places ; by the absence of the stratum lucidum ; 
and by the absence of nuclei in the homy layer, except over 
places where the germinative layer is absent — at these points 
the nuclei persist in the homy cells." 

Bucek'® in 1903 reached the same conclusions as did 
Brocq, namely, that despite the clinical variations in the group 
there are, histologically, more points of resemblance than there 
are of difference. Histologically the group is characterized 
by the presence of an inflammatory process of medium grade 
involving the epidermis and the upper part of the cutis. 

C. J. White's case^^ of erythrodermie pityriasique en 
plaques disseminees, published in 1903, showed changes very 
much like those present in the two cases of J. C. White^". The 
horny layer contained no nuclei, the stratum lucidum was absent 
and the stratum granulosum was abnormal and in places absent. 
The papillae and the epidermis were (Edematous. 

It will be noted that, no matter what is the clinical no- 
menclature used, the lesions described by the various authors 
reviewed above have in common a marked condition of oedema 
of the epidermis and of the papillae, absence of the stratum 
lucidum, well-marked dilatation of the papillary capillaries, 
and a moderate degree of infiltration by small round cells. The 
only point about which there is a difference of opinion is the 
presence or absence of nuclei in the homy layer. In the cases 
of erythrodermie pityriasique en plaques disseminees, two of J. 
C. White ■"• and one of C. J. White,^^ the stratum comeum con- 
tained no nuclei and the stratum granulosum was more or less 
incomplete. In the cases of parakeratosis variegata of Unna, 
Santi and Pollitzer ^ and in the case of pityriasis lichenoides 
chronica of Juliusberg^ the stratum corneum was nucleated. 
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Colcott Fox and Macleod's^ case of parakeratosis variegata ana 
Pinkus' case « of " psoriasiformem und lichenoidem Exanthem " 
occupy an intermediate position, as regards the presence of 
nuclei in the homy layer, between the cases of Unna, Santi and 
Pollitzer and of Juliusberg on the one hand, and those of J. C. 
White and C. J. White on the other. That the persistence of 
nuclei in the homy layer is a matter of secondary importance 
and that it is dependent upon the degree of oedema will be shown 
later. I think that one must, therefore, agree with Erocq and 
with Bucek in their conclusions that the conditions included in 
the parapsoriasis group have much in common — that, histolog- 
ically, the points of resemblance between erythrodermie pity- 
riasique en plaques disseminees, parakeratosis variegata, 
pityriasis lichenoides chronica and " psoriasiformem und 
lichenoidem Exanthem " are more numerous and more impor- 
tant than the points of difference. 

From the pathological standpoint the chief points at issue 
may be stated as follows : Are the histological changes found 
in the various clinical conditions grouped together under para- 
psoriasis uniform enough to permit of pathological grouping ? 
Is the presence or absence of nuclei in the horny layer of suf- 
ficient importance to enable one to subdivide the group ? What 
is the relationship of the epidermal changes to the oedema ? 
What causes the capillary dilatation and the oedema ? What 
is the sequence of events which leads to the fairly uniform mi- 
croscopic picture presented by the various members of the group 
under consideration.? In what way do the changes described 
differ from those found in psoriasis, in lichen and in seborrheic 
eczema .'' The case to be described will help to elucidate a 
number of these points. 

The published reports give one littie help in arriving at an 
explanation of the manner in which the changes described were 
produced. All of the authors have concerned themselves chiefly 
with the changes occurring in the epidermis. They devote 
little attention to the possibility of involvement of the deeper 
corium, or briefly state that the deeper layers of the corium were 
normal. Brocq"' believes that the pathogeneses of para- 
psoriasis is the same as that of psoriasis. His statement, that 
in the members of the parapsoriasis group we are dealino- with 
simp:e modes of cutaneous reaction, special to certain individ- 
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uals, permitting the development of the lesions from slight 
causes of the greatest diversity, is too ingenuous to shed much 
light upon the subject. Only in C. J. White's report^^ does one 
find anything which would help one to explain the production 
of the lesions. His patient had an obliterating arteritis in- 
volving the arterioles and sparing the larger arteries. This 
condition had led to gangrene of a toe. The changes found in 
the case to be described show that C. J. White did not over- 
estimate the importance of these vascular changes when he 
concluded his paper with the following questions : " Is not the 
intercurrence of this strange arteritis of the arterioles of the toe 
a significant fact in relation to the general cutaneous disease .'' 
In other words, have we not here a possible or even probable 
clue to the genesis of the whole process ? " 

Our first case, the clinical side of which has been given 
in the first portion of this paper is important, because the 
microscopic findings are such as to help explain the production 
of the changes previously described by other observers, 
and because the several lesions removed show changes similar in 
character but varying in degree. This variation in the intens- 
ity of the involvement helps to explain certain of the differ- 
ences that have been noted in the various clinical conditions 
grouped together under parapsoriasis. Five lesions were re- 
moved and examined microscopically. Of these, one shows 
changes which are apparently somewhat earlier than have been 
previously noted, another shows a more intense degree of in- 
volvement than has been reported, while the remaining three are 
much like each other and show changes like those described by 
other writers. 



Description of Histological Findings. 

A : Lesion Showing Earliest Changes : 

Epidermis : In the lesion showing the most recent change 
(Figure 1) one finds at the margins normal epidermis cover- 
ing normal cutis. The homy lawyer (a. Figure llA) in this 
normal marginal zone averages seven lamellae in thickness and 
contains no nuclei. The stratum lucidum (b. Figure 11 A) is 
one cell thick, in places two cells thick, non-nucleated, the gran- 
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ules fine and very numerous. The stratum granulosum (c, 
Figure 11 A) is in most places two cells thick, the cells being 
filled with granules of rather larger size than those in the layer 
above. The nuclei of the stratum granulosum are shrunken, 
irregular in outline and, as a rule, deeply stained. The stratum 
spinosum is eight to twelve cells thick. Some of the nuclei of 
the uppermost layer (d. Figure llA) begin to show the altera- 
tions present in the nuclei of the stratum granulosum. The 
thickness of the epidermis, in the region described, is seventy- 
nine micra over the papillae and one hundred and thirty-eight 
micra between the papillae. 

As one approaches the area of greatest change one comes 
upon a zone in which the stratum lucidum has disappeared 
nucleus in this region shows any evidence of loss of fluid and con- 
tains pale, much flattened nuclear remnants, which lie in rather 
wide perinuclear spaces. The number of lamellae is smaller 
than normal, although the thickness of the stratum comeum 
here is about the same as over the normal skin. The granular 
layer (c, Figure IIB) is composed of a single layer of cells, 
whose nuclei do not show so marked a degree of condensation 
as in the normal epidermis. The nuclear spaces are dilated. 
Beneath the granular layer the prickle layer (d. Figure llB) 
shows considerable oedema of the intercellular channels and 
some dilatation of the nuclear spaces. Only an occasional 
nucleus in this region shows any evidence of loss of fluid and con- 
sequent condensation. The middle point of the region illus- 
trated by Figure IIB is only one hundred and ten micra distant 
from the marginal normal epidermis shown in Figure 11 A. 

In the region showing the greatest amount of involvement 
(Figure IIC) both the stratum lucidum and the stratum gran- 
ulosum are entirely wanting. The stratum comeum (a, Figure 
IIC) varies in thickness and the individual lamella are so 
swollen as to be spindle shaped. The nuclei are rich in fluid 
and contain considerable chromatin. In the upper portion of 
the prickle layer (d. Figure IIC) many of the nuclei show 
irregularities in shape. The nuclear and intercellular spaces 
are dilated. Deeper down in the stratum spinosum (Figure 
12) the oedema becomes very marked. The individual cells are 
widely separated from each other. The intercellular proto- 
plasmic processes persist as long, fine strands spanning the 
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much dilated channels (a, Figure 12). An increase in the 
amount of fluid in the perinuclear spaces has led to a distension 
of these spaces. In those cells in which this dilatation is most 
marked, and about which there is oedema of the intercellular 
spaces, the cytoplasm is represented by a narrow band of com- 
pressed, deeply stained material which has a fibrillated appear- 
ance. In such cells the nuclei may also show evidences of com- 
pression. They are irregular in shape (b. Figure 12) and stain 
more deeply than normal. Lymphocytes (c, Figure 12) are 
present in small numbers in the dilated intercellular channels. 
The stratum mucosum (a. Figure 13) in this more intensely 
involved area is composed of a single layer of low cylindrical 
cells. In this layer oedema has also led to distension of the 
nuclear spaces, to dilatation of the intercellular channels and 
to vacuolization of the cytoplasm. Many of the nuclei are flat- 
tened and stain rather deeply. In the stroma of the papillae, 
just beneath the palisade layer, there is a row of fluid filled 
spaces (b, Figure 13). In spite of the oedema an occasional 
mitotic figure is seen. 

The central point of the area shown in Figure IIC is only 
fifty-eight micra distant from the center of Figure IIB, and 
one hundred and sixty-eight micra from the normal epidermis 
shown in Figure llA. Figures 12 and 13 are from the same 
region as Figure IIC. Here the epidermis is fifty-eight micra 
thick over the papillae, and one hundred and fifty-five micra thick 
between the papillae. As compared with the normal epidermis 
there has been a thinning of the epidermis over the papillae and 
some increase in interpapillary thickness, the latter in spite of 
an actual decrease in the number of cells. The thinning over 
the papilliSB is due to the disappearance of the granular layers 
and to a decreased production of cells, whereas the increased 
thickness between the papillae is due to the inter- and intra- 
cellular oedema. The oedema may be so marked as to lead to 
the formation of minute, microscopic vesicles beneath the horny 
layer (Figure 1). 

Corium: In that region of the most recent lesion which 
shows the greatest amount of change, the papillae are swollen 
and increased in diameter. The capillaries are dilated, and 
the stroma of the papillae is almost disorganized by extensive 
oedema (Figure 2). Young, spindle-shaped, connective t'ssue 
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cells are present, as are also lymphocytes. An occasional 
polymorphonuclear leukocyte is also seen. Deeper down in the 
corium there are also evidences of oedema. The collagen fibers 
are swollen, they stain more faintly than normal, and their 
nuclei are compressed and few in number. The elastic fibrils 
are widely separated by the oedema and are very fine. The ves- 
sels of the deeper corium show certain changes which will be 
considered in detail in the description of the next section. 
B : Lesion Showing Most Advanced Degree of Involvement. 
Epidermal Changes : Sections from the lesion showing the 
most marked change (Figure 3) shows certain changes which 
have not heretofore been described. From a small central area 
of this lesion the epidermis has entirely disappeared, leading 
to the formation of a microscopic ulcer. At the margins of 
this superficial ulceration the epidermal cells are closely packed 
together and their nuclei are compressed and deeply stained. 
The cytoplasm is granular, deeply stained and structureless. 
The margins of the ulcerated area show no evidence of acute 
inflammatory change. Beyond the marginal zone the epider- 
mis shows all the changes described in the first lesion, but to a 
more marked degree. The oedema is so marked that the nuclei 
are often compressed into deeply stained crescents lying at the 
margins of greatly distended nuclear spaces. 

Changes in the Corium : At the base of the ulcerated area 
(Figure 4) the collagen fibers are broken and granular. Both 
the connective tissue and the lymphocyte nuclei are pyknotic and 
fragmented. Papillae are entirely wanting in this area. The 
papillae at the margins of the ulcerated area show, even to a 
more marked degree, the capillary dilatation and the interstitial 
oedema mentioned above. These changes have transformed the 
tissue of the papillae into a large meshed network of wide capil- 
Jaries and connective tissue fibers (Figure 14). Lymphocytic 
infiltration is more marked in this lesion than in the one first 
described. In the palisade layer (c. Figure 14) the oedema has 
led to the formation of very large, fluid-filled nuclear and inter- 
cellular spaces (d, e, Figure 14). 

In the observations of others, the oedema of the epidermis 
and of the papil]|a5 receives a large measure of attention. In 
our case, also, it is so striking as to lead one at once to think of 
the possibility of changes in the lymphatics of the corium. 
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Except for slight swelling of the endothelium and a moderate 
dilatation of the lumina the lymphatics appear normal (Figure 

8). 

In all the sections of all the lesions removed the blood ves- 
sels of the deeper corium are unduly prominent. With a low 
magnification (150 diameters) the vessels appear as very cel- 
lular areas scattered about in the corium beneath the epidermis 
showing the most marked change (Figure 3). The earliest 
vascular change to be seen is an increase in the size and in the 
number of the endothelial cells (Figure 5). The endothelial 
hypertrophy and hyperplasia are limited to the rather wide, 
thin-walled venules of the corium, although the arterioles show 
a certain amount of endothelial swelling. The changes in the 
endothelium of the veins soon become assoc'ated with perivas- 
cular inflammatory changes, which manifest themselves by a 
proliferation of connective tissue with the formation of young 
fibroblastic cells and by an infiltration of small mononuclear 
leukocytes (Figure 6). No plasma cells are present in the 
areas of perivascular inflammation. The end result of the com- 
bination of endothelial hypertrophy and hyperplasia with peri- 
vascular proliferation and infiltration is a complete obliteration 
of the lumina of the veins (Figures 4 and 7). 

In sections from the lesion showing the most marked in- 
volvement (Figure 3) the nerves of the corium are unusually 
well seen because of their increased size. Nerve bundles so 
superficially situated as two hundred micra beneath the lower 
surface of the epidermis may have a diameter of forty micra 
(Figure 9). A transverse section at almost any plane through 
one of these swollen nerves shows four or more nuclei of the 
sheath of Schwann and an undue amount of intemuclear tissue. 
The nerve bundles are surrounded by di ated, fluid-filled spaces. 
Changes of the nature described are seen only in sections from 
the most intensely involved lesion. 

C: Oldest Lesion. 

The remaining lesions excised and studied show changes 
neither so early as those described in the first lesion nor so in- 
tense as those described in the second. They show, of course, 
a certain amount of variation, but in general seem to be more 
of the type of lesion which has been described in the literature. 

Epidermis : The epidermis is considerably thickened, the 
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actual thickness being often difficult to determine because of 
the partial separation and splitting of the homy layer. The 
thickening is due partly to a general increase in the thickness 
of the prickle cell layer and partly, in places, to a marked 
increase in the thickness of the homy layer (Figure 10). 

The stratum corneum, in places, is composed of wavy 
lamellffi, often partially separated from each other. As a rule^ 
the nuclei are visible as elongated, very thin, much compressed 
and deeply stained bands (Figure 15A). In the deeper por- 
tions of the greatly thickened areas of homy layer the individual 
lamellae are unusually thick and their nuclei are not so com- 
pressed as in the more superficial portions (Figure 15B). The 
intemuelear substance of these thickened lamellae has a granular 
appearance, due to the presence of innumerable minute 
vacuoles. 

The stratum lucidum is entirely wanting. The absence 
of celis of the stratum granulosum type is not complete. Areas 
in which no granular cells are present alternate with others in 
which one or two layers of cells of the granulosum type are pres- 
ent. In the latter regions the homy lamellae are non-nucleated. 
It is in the areas where no granular cells occur that the thicken- 
ing of the lamellae and the persistence of their nuclei are most 
marked. 

The cejls of the stratum spinosum are large and the 
alveolar character of the cytoplasm can be well seen. The 
intercellular spaces, while readily visible, are not nearly so 
dilated as in the first lesion described. The majority of the 
nuclei are pale and vesicular. 

The stratum mucosum is composed of cells of a low cylin- 
drical shape, thicker and shorter than in the first lesion de- 
scribed, and with not nearly such marked evidence of oedema. The 
nuclei are rounded and not so much compressed. Evidences 
of nuclear division are more numerous than in the early lesion. 

Corium : The papillary capillaries are not very promi- 
nent and the oedema of the stroma has almost entirely disap- 
peared. Only a few lymphocytes are present, although young 
connective cells are fairly numerous in the superficial layers of 
the corium. The papill^ are shorter, thicker and less numerous 
than normal. Deeper down all the veins of moderate size are 
completely obliterated and the arterioles also show some com- 
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pression because of the surrounding inflammatory change. In 
the areas of perivascular inflammation the prevailing type of 
cell is the fibroblast, lymphocytes having almost entirely dis- 
appeared. No plasma cells are seen. 

Summary of the Histological Changes. 

In briefly summarizing the histological changes described 
above, it may be said that the epidermis shows the well-marked 
oedema and the slight lymphocytic infiltration noted by other 
observers. 

In the lesion first described, as one passes from the normal 
epidermis to that most involved, one notes the disappearance 
first of the stratum luciduta and then of the stratum gran- 
ulosum. The lamellae of the stratum comeum are much thick- 
ened and contain nuclear remnants. The papillae show the 
marked capillary dilatation and interstitial oedema noted in all 
previously published descriptions. 

In the second lesion described above the changes in the 
papilla; and in the epidermis have continued to such a degree 
as to lead to the disappearance of several of the papillae and 
of the overlying epidermis. This loss of tissue is not accom- 
panied by the evidences of acute inflammation. 

In the oldest lesion capillary dilatation and oedema have 
largely disappeared. The stratum corneum is much increased 
in thickness and its lamellas are nucleated. The persistence of 
nuclei in the lamellae and the absence of granular cells occur 
together in small areas separated from each other by areas in 
which the horny lamell^ are not nucleated, and cells of the 
granulosum type are present. 

In all the lesions there are changes in the veins of the 
deeper corium. The cells of the endothelium are increased in 
size and in number. About many of the veins there is a well- 
marked zone of Ij'mphocytic infiltration and of connective tissue 
proliferation. A considerable proportion of the vessels show 
complete obliteration of their lumina. 

In the lesion showing the most marked involvement the 
nerves of the deeper corium are unduly prominent because of 
an increase in the tissue of the sheath of Schwann and because 
of a dilatation of the perineural spaces. 
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The Production or the Condition Known as Parakekatosis. 

Unna, Santi and Pollitzer described their cases as para- 
keratosis variegata, and, according to Unna, parakeratosis is 
a term applied to the condition in which there results the forma- 
tion of more or less swollen, nucleated homy lamellae, which 
tend to remain united to each other to form scales. Besides 
these changes in the horny layer, the condition is also character- 
ized by the disappearance of the stratum lucidum and of the 
stratum granulosum. In order to arrive at an explanation of 
the production of these changes it is necessary to review the 
normal process of the cornification of the epidermis. 

The work of R. Hertwig and his pupils upon protozoa 
has established that for every protozoan cell there is a definite 
relationship between the size of the nucleus and the amount of 
the chromatin on the one hand, and the size of the cell and the 
amount of the cytoplasm on the other. Enough work has 
been done upon the tissue cells of metazoa to indicate that 
for every type of tissue cell there exists a similar definite rela- 
tionship. A variety of conditions may alter or upset this nor- 
mal relationship, but function and nutrition seem to be the most 
important. If this nucleus-plasma relationship doctrine of R. 
Hertwig is applied to the cornification of the epidermis the 
process is one, not of specialization and differentiation, but 
of gradually progressing physiological degeneration which 
leads ultimately to cell death. While the horny lamellae of 
the epidermis have a protective action, this function is a purely 
mechanical one. It seems safe to assume that the only active 
functions possessed by any of the epidermal cells are nutrition 
and multiplication in the cells of the deeper layers. As the 
cells approach the surface, even these functions become gradu- 
ally lost. As the cells become pushed away from the underly- 
ing tissue of the corium they lose first the power to divide and 
then the power to assimilate. As the distance of the cells from 
the capillary vessels of the corium becomes increased the cells 
undergo a gradual loss of fluid. This leads, in the upper 
prickle cell layer, to condensation of the cytoplasm and to 
shrinking and hyperchromatism of the nuclei. These changes, 
in addition to the loss of the ability to assimilate, lead to a dis- 
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turbance of the normal nucleus-plasma relationship. This 
upset leads to an extrusion of chromatin from the nucleus, and 
there result compressed cells filled with scattered chromatin 
granules and containing nuclei poor in chromatin — the cells 
of the stratum granulosum. A continuation of the process 
leads to still further chromatin extrusion, the nucleus disappears 
entirely, and there are formed the cells of the stratum lucidum 
type. Associated with these changes in the distribution of the 
chromatin are gradually increasing solidification and degenera- 
tion of the cytoplasm. The combined cytoplasmic and nuclear 
changes are merely the evidences of a gradually progressing 
physiological degeneration which leads ultimately to death. 
The final death of the cell is manifested by the complete break- 
ing down of the distributed chromatin and the transformation 
of the cell into a dried, non-nucleated, homy lamellae. 

If this conception of the normal process of cornification 
is accepted the explanation of the production of parakeratosis 
(the term being used here in Unna's sense to describe the epi- 
dermal changes and not as a clinical designation) becomes com- 
paratively simple. Common to all the published descriptions of 
parapsoriasis are the dilatation of the capillaries of the papillae 
and the oedema of the papillae and of the epidermis. These 
same changes are well marked in our cases. It is these changes 
which lead to a disturbance of the normal mechanism of cor- 
nification and to the production of the phenomena of para- 
keratosis. Because of the oedema, the epidermal cells do not 
undergo their normal gradual dessication, and they probably 
retain the ability to assimilate longer than normal. The upset 
of the nucleus-plasma relationship, as it occurs in the normal 
epidermis, does not occur in its regular way and with its 
regular succession of events. The cells, which in a normal epi- 
dermis become gradually dessicated and filled with extruded 
chromatin to form the stratum granulosum and the stratum 
lucidum, retain fluid. The relationship between nucleus and 
cytoplasm is not upset to such an extent as occurs in the normal 
granulosum and lucidum cells, and chromatin is not extruded 
from the nuclei. No cells of the normal granulosum or luci- 
dum types are, therefore, produced. When, finally, the cells 
do reach the surface, they undergo a rather rapid and incom- 
plete dessication which leads to the formation of dead, swollen. 
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nucleated, horny lamellEB. The variations in the condition of 
parakeratosis which have been noted in the literature, that is, 
the incomplete absence of both the granulosum and lucidum 
layers and amount of oedema the more complete will be the 
disappearance of the granulosum and lucidum layers and the 
more prominent will be the nuclei of the homy layer. If the 
oedema is less intense there will occur in the epidermal cells 
changes more nearly approaching the normal process of cor- 
nification, with the resulting formation of non-nucleated horny 
lamellae or the persistence of an irregular stratum granulosum. 

The Couese oe Events in the Production of the Changes 

Found. 

A study of the lesions which have been described in detail 
above seems to give one the succession of events which has led 
to the changes noted. The parakeratosis, as already stated, 
is the result of the papillary and epidermal oedema. This lat- 
ter, in turn, is caused by the capillary dilatation. The dis- 
tension of the capillaries must be considered an obstructive 
passive congestion, due to changes in and about the deeper 
veins of the corium. The vascular involvement must be con- 
sidered the primary and basic change. This begins as an endo- 
thelial hypertrophy and hyperplasia. Perivascular infiltration 
and proliferation soon follow. The combination of changes 
within and about the vessels leads to narrowing and to final 
complete obliteration of the lumina of the veins. The arterioles 
may show endothelial swelling, but this occurs only after the 
periphlebitis is well marked. That the vascular changes may 
be secondary merely evidences of the varying degree of oedema. 
The greater the formation of non-nucleated horny lamellae 
— in other words, variations in the condition which lead to an 
approach to the normal — are to the changes present in the 
nerves of one of the lesions appears improbable, since the in- 
volvement of the nerves is seen only in the lesion which shows 
most marked vascular change and is not seen in the early 
lesion. The involvement of both the vessels and the nerves 
must be considered the result of some pathological process 
acting upon both. 

The beginning of the process is seen in the first lesion 
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described. In the second lesion the intensity of the change 
has led to a loss of tissue, the result of the marked vascular oblit- 
eration and consequent oedema. 

In the third lesion described it would seem that one is 
dealing with an attempt at repair. The capillary dilatation 
has largely disappeared and the interstitial fluid is greatly 
decreased. Although almost all the veins are obliterated, this 
attempt at a return to normal must be due, in part, to the 
establishment of a collateral capillary circulation. The blood 
supply is still abnormal, but the return of the area to a circula- 
tion approaching the normal has led to a decrease of the inter- 
stitial oedema, and to a consequent approach toward the normal 
process of comification on the part of the epidermis. Hence 
there is the formation of an incomplete stratum granulosum. 
The production of such a greatly increased homy layer as 
is shown in Figure 10 must be due partly to an increased 
food supply and a resulting hyperplasia. As already stated, 
mitotic figures are fairly numerous in the deeper epidermal 
layers of this lesion. A progressive process has become associ- 
ated with the regressive change which initiated the lesion. 

From the above remarks it will appear that the vascular 
involvement is considered the essential change, and that it is 
the cause of all the changes in the papillae and in the epidermis. 
Such a conclusion has not been met with in the literature re- 
viewed, and there naturally arises some question as to the con- 
stancy of its application and as to the possibility of the occur- 
rence of similar involvement in previously described cases. 
Most of the observers have confined themselves to a description 
of the changes in the papilla and in the epidermis. In the 
majority of the published reports no mention is made of the 
deeper vessels of the cerium. Pinkus^ mentions the occurrence 
of a small round-celled infiltration about the vessels. A study 
of his diagrammatic illustrations leads one to believe that the 
vessels must show a considerable amount of involvement. 
Juliusberg^ also mentions the presence of infiltrating cells 
along the blood vessels. In the two cases reported by J. C. 
White^" no vascular abnormalities are mentioned. In the 
illustrations accompanying the report the deeper vessels of the 
corium appear unduly prominent, in spite of the low magnifica- 
tion used. To C. J. White^® belongs the credit of having first 
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called attention to the possibility of the relationship of vas- 
cular changes to the skin lesions. It would seem, therefore, that 
vascular involvement is one of the most characteristic things 
in the histological picture of parapsoriasis. It is certain that 
such a change would explain. the capillary dilatation and the 
Cfidema which have been noted in all the cases studied histo- 
logically. If one excepts the mention of the possibility of 
changes in the vessels by C. J. White the literature gives no 
adequate explanation of the production of the more superficial 
changes so uniformly met with in the descriptions given by 
previous observers. 

Conclusions as to the Pathologicai. Histology. 

A review of the literature and the study of the case here 
reported lead to agreement with the conclusions reached by 
Brocq^^ and by Bucek^^ that the various members of the para- 
psoriasis group show many points of similarity. 

There are, of course, some variations. These refer chiefly 
to the completeness of the absence of granular cells and to the 
presence of nuclei in the homy lamellas. Such differences as 
have been noted can all be adequately explained by the varying 
degree of cedema present. The differences are not so essential 
as to permit a subdivision of the group. All the variations 
noted may be present in a single case, as in the one reported 
here. The first lesion shows changes most like those described 
by Unna, Santi and Pollitzer and by Juliusberg. The oldest 
lesion is, in general, much like that described by Pinkus, and 
it shows the variations noted by Colcott Fox and Macleod in 
their case. Some areas answer the descriptions given by J. C. 
White and by C. J. White. The occurrence of ulceration in 
one of the lesions of our case is not sufficient to give the case 
a position by itself. The ulcer is of microscopic dimensions, 
it was not noticed before the excision of the lesion, and it is 
extremely likely that s'milar losses of epidermis. so slight as not 
to be seen by the naked eye may have been present in at least 
one of the lesions in every case heretofore reported. The mere 
fact that such a condition was not seen in the single lesion 
studied from each of the cases reported cannot be considered 
evidence of very much weight. It must be borne in mind, also. 
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that the ulcer in our case is not associated with any acute in- 
flammatory changes, but is the logical final result of the path- 
ological process which produces the other epidermal changes 
which have been described. 

If future investigations shall confirm the occurrence of 
vascular involvement in lesions showing the other changes so 
uniformly noted in parapsoriasis the condition will be well 
characterized pathologically. Leaving out of consideration 
the deeper vessels of the corium, parapsoriasis must be consid- 
ered a condition marked by changes of degenerative and regres- 
sive character. In true psoriasis the dilatation of the capil- 
laries may be as marked as in parapsoriasis. But in the former 
the dilatation is an active one — whether nervous in origin is 
beside the question — and it does not lead to the intense oedema 
with the resulting degeneration of epidermal cells and the dis- 
turbance of comification. As compared with parapsoriasis, 
the process in true psoriasis must be considered progressive in 
nature, leading to epidermal hyperplasia. In seborrheic 
eczema and in lichen the pathological process is an acute inflam- 
matory one, characterized by the presence of polymorphonu- 
clear leukocytes. From these various conditions, with which 
parapsoriasis may show the greatest clinical resemblance, the 
latter is readily enough diff'erentiated by means of the micro- 
scope. 

The cases herein reported are important because they help 
to explain the production of the epidermal changes. In C. J. 
White's case, obliterating arteriolitis led to gangrene of a toe. 
Because of the vascular involvement parapsoriasis becomes ot 
clinical importance not only to the dermatologist but also to 
the internist, since there is no a priori reason why similar vas- 
cular changes may not occur in the internal organs. The in- 
volvement of the deeper vessels of the corium may, perhaps, 
explain the persistence of the lesions in spite of all treatment, 
a condition which helps to diff^erentiate parapsoriasis from 
psoriasis clinically. 

DESCRIPTION OF PLATES. 
Photomiceogeaphs. — Figures 1 to 10. 

PLATE VIII. 
Figure 1.— Earliest Lesion. X 150. CEdema of papillae. CEdema of 
epidermis. 
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Fig. 3.— Earliest Lesion. X 575. Summit of an oedematous papilla. 
Separation of stroma of papilla. Lymphocytic infiltration and connective 
tissue proliferation. 

PLATE IX. 

Fig. 3. — Lesion showing most marked involvement. X ISO. Destruction 
of papillae and of overlying epidermis. Changes in the vessels and nerves 
of the corium. 

Fig. 4.— Same Lesion as Fig. 5. X 350. Base of ulcerated area. 

Fig. S.— Same Lesion as Fig. 3. X 350. Venule of corium. Hyper- 
trophy and hyperplasia of endothelium. 

PLATE X. 

Fig. 6.— Same Lesion as Fig. 3. X 350. Venule of corium. Hyper- 
trophy and hyperplasia of endothelium. Perivascular infiltration and pro- 
liferation. 

Fig. 1. — Same Lesion as Fig. 3. X 350. Venule of corium. Endo- 
thelial and perivascular involvement leading to complete obliteration of 
lumen of vessel. 

Fig. 8.— Same Lesion as Fig. 3. X 350. Lymphatic of corium. 

Fig. 9. — Same Lesion as Fig. 3. X 350. Nerve of corium. Increase 
in number of nuclei and in amount of internuclear tissue of sheath of 
Schwann. Dilatation of perineural space. 

Fig. 10. — Oldest Lesion. X 100. Some papillary and epidermal 
oedema. Papillae shorter and more widely separated than normal. Hyper- 
trophy and desquamation of horny layer. Involvement of vessels of 
corium. 

PLATE XI 

Drawings. — Figs. 11 A to 1 5B. — All the drawings were made with a 
Leitz camera lucida, Leitz 4 ocular and Leitz 1-13 objective, giving a uni- 
form magnification of 1360 diameters. 

Fig. IIA. — Earliest I^esion. Superficial portion of normal epidermis at 
margin, (a) — Stratum corneum. (b) — Stratum lucidum. (c) — Stratum 
granulosum. (d) — Superficial portion of stratum spinosum. 

Fig. IIB. — Earliest Lesion. Superficial portion of epidermis. Disap- 
pearance of stratum lucidum. (a) — Stratum corneum, showing nuclear 
remnants, (c) — Stratum granulosum. (d) — Stratum spinosum. 

Fig. lie. — Earliest Lesion. Epidermis over summit of an oedematous 
papilla. Disappearance of stratum lucidum and stratum granulosum. (a) 
— Stratum corneum, showing nuclei and oedema, (d) — Stratum spinosum. 
Intercellular oedema and dilatation of nuclear spaces. 

PLATE XII. 

Fig. 12. — Earliest Lesion. Deeper portion of stratum spinosum. (a) 
— Dilated intercellular space, (b) — Distended nuclear space with shrunken 
nucleus, (c) — Lymphocytes. 

Fig. 13. — Earhest Lesion. Stratum mucosum and underlying stroma of 
papilla, (a) — CEdematous stratum mucosum. (b) — A row of fluid-filled 
spaces just beneath the epidermis. 

PLATE XIII. 

Fig. 14.— Lesion Showing Most Marked Involvement. Summit of a 
papilla, (a)— Dilated capillary, (b)— Fluid-filled spaces just beneath epi- 
dermis, (c) — Stratum mucosum. (d) — Dilated intercellular space con- 
taining lymphocytes, (e)— Distented nuclear spaces containing lympho- 
cytes. 



PLATE VIII— To Illustrate yVrticle l)y Drs. ^V. T. Corlett find Oscar T. 
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Fig. i'. 
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PLATE IX— To Illustrate Article by Drs. W. T. Corlett and Oscar T. 

Schultz. 




S^i 







Fig. 5. 
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PI,ATE X— To Illustrate Article liy Drs. ^V. T. Corlett and Oscar T. 

Schultz. 
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PLATE XT— To Illustrate Article by Drs. W. T. Corlett and Oscar T. 

Schiiltz. 
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Fig. 11 a. 
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Fig. 11 b. 
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PLATE XII— To Illustrate Article liv Drs. AV. T. Corlett and Oscar T. 
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PLATE XIII— To Illustrate Article by Drs. W. T. Corlett and Osear T, 

Scbultz. 
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Fig. 14. 
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PLATE XIV— To Illustrate yVrticle l)y Dis. \V. T. Corlctt and Oscar T. 

Schultz. 




Fig. 16. 
Ti-iE Joi-BXAi. OF Cltaxeous DISEASES^ February, 1909. 



PARArSORIASIS. 25 

Fig. 15A. — Oldest Lesion. Superficial portion of stratum corncum. 
Closely placed lamella; containing compressed nuclei. 

Fig. ISB. — Oldest Lesion. Deeper portion of stratum corneum. Swol- 
len, nucleated, vacuolated lamella. 

PLATE XIV. 

V\fl. 16. — Parapsoriasis. Clinical picture of cases. 
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